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S. B. COTTRELL, M. Inst. C.E., М.І. Mech. E., 1896-97. 

GEORGE FARREN, Ј.Р., M. Inst. C. EE, F.R.S.S., 1897-98. 
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MR. A. BROMLEY HOLMES, 


PRESIDENT OF THE LIVERPOOL 


M. Inst. С.Е., M.I.E.E., 


ENGINEERING SOCIETY, 


XXVI SESSION— 1899-1900. 


LIVERPOOL ENGINEERING SOCIETY. 


REPORT.—XXVI SESSION. 
1899-1900. 


(From lst November, 1899, to 25th April, 1900.) 


— 4 


President : 
A. BROMLEY HOLMES, M. Inst. C.E., M.LE.E. 


AT the close of the Twenty-sixth Session the retiring Council presents 
the following Report upon the state of the Society. 


THE ROLL OF THE SOCIETY. 

The additions to the Roll of the Society to the close of the Annual 
Meeting оп the 25th April, 1900, have been 119 compared with 45 in 
the previous Session, comprising 85 Members (6 of whom were 
transferred from the class of Students), 23 Associates and 11 Students. 

On the other hand, it has to be recorded that 13 names have been 
removed from the list as against 26 last year. Of the removals 8 are 
due to resignation, and 5 to deaths. Six Students have been transferred 
to the Members Class. At the present date the number of Members 
of all classes is 502, as against 402 at the close of the previous year, 
being 10 Honorary Members, 8 Life Members, 1 Life Associate, 408 
Ordinary Members, 54 Associates and 21 Students. 


THE SESSION AND MEETINGS. 
.. The past Session was opened on the Ist November, 1899, by the 
President, Mr. A. BROMLEY Ногмеѕ, M. Inst. C.E., M.I.E.E., who 
delivered his Inaugural Address before a full audience of Members 
and their friends. 

He pointed out the important services performed by electricity in 
the routine of daily life, and the assistance given to the physician and 
surgeon by recent electrical inventions and developments. 

The improvements in telephonic and telegraphic communication 
were referred to, and attention was called to the fact that by means of 


vi. 


recent inventions it had been found possible to transmit as many as 
1500 words in one minute, and also to transmit messages over con- 
siderable distances without the necessity of connecting wire. 

The progress in electric lighting during the present century was 
briefly dealt with, and it was pointed out that Liverpool ranked 
amongst the earliest towns in which electrical energy was distributed 
from central stations. | 

Numerous examples were given of transmission of power, com- 
mencing with some experiments carried out at the Vienna Exhibition 
in 1873, and including installations at Tivoli, Niagara and Rheinfelden, 
special reference being made to the valuable pioneering work carried 
out by Mr. S. Z. de Ferranti 14 years ago at the Deptford Station of 
the London Electric Supply Corporation. 

The advantages of electric traction over any other mechanical 
means of haulage were pointed out, and a detailed description was 
given of the method of construction and equipment of modern Electric 
Tramways and Railways, special attention being invited to the Swiss 
Mountain Railways supplied at high pressure on the 3-phase system. 

It was indicated that the rate of travelling between populous 
centres could be considerably increased by the adoption of high speed 
electric railways, the construction of which presertted no serious 
engineering difficulties. 

In conclusion, reference was made to the advantages that had been 
derived from the introduction of electricity into chemical works and 
other manufactories, and that applications and results, which a few 
years ago would have been considered impossible, were now accepted 
as matters of course and hardly excited any attention. 

This was succeeded at subsequent meetings by papersand discussions 
upon the various Engineering subjects enumerated in the following 
summary :— 

1899. 
15th November..—Mr. M. TRELEAVEN READE.— 
Adjourned Discussion on Paperread atthe previous Session, 
entitled, ** Some Properties of Flexible Surfaces and 
Flexible Solids noted in designing “Тһе Shellbend 
Folding Boat.’ ” N.B.—The first Derby Gold Medal 


was awarded by the Council to the Author of this 
Paper. 


29th November. —Mr. А. Lester TAYLOR.— 
** Fire Risks of Electrical Installations." 


13th December. —Mr. ARTHUR MUSKER, Assoc. M. Inst. C.E., М.Т. Mech. E.— 
‘“ Heavy Motor Lorries for Liverpool Traffic.” 


vii. 


| 1900. 
10th January.—Mr. E. S. С. Совх1$н.— 


** Practical Notes on Surveying in Bays aud Estuaries. 


24th January.—Mr. DAVID BRowN.— 
** Defects in Iron Castings." 


7th February. —Mr. Н. M. Н. COLLIER, Assoc. M. Inst. C. E. — 
** On the Supply of Water from the River Thames to the 
Regent's Canal by Pumps and Pipe Line." 


21st February. —Mr. Tuos. L. MILLER, M. Inst. C. E. — 
“Оп Electrical Distribution in Cities.” 


7th March. —Mr. Евер. E. G. BApGER.— 
* Railway Construction and Maintenance.” 


21st March. —Mr. W. H. Сол, Assoc. М. Inst. C. E. — 
** On the Equipment of Electric Tram Cars." 


28th March.-- Professor OLIVER J. Горбе, D. Sc., Е. R. S.— 
** Further Progress in Space Telegraphy." 


4th April. —Nomination of Council and Officers for the next Session. 
Mr. GEORGE WELsBy DEAKIN, Stud. Inst. C. E. — 
** Sea and River Walls." 


25th April. —ANNUAL GENERAL MEETING. 
Election of Council and Officers. 
Report of Council for the 26th Session. 
Honorary Treasurer's Financial Statement. 
Presentation, by the President, of the Diploma Certificates 
to those Members, Associates, and Students who 
have been elected during the past Session. 


STUDENTS' MEETING. 

In accordance with the suggestion of the President, a Students’ 
Meeting was held on the 4th April, when a Paper was read by 
Mr. GEORGE WELsBY DEAKIN, Stud. Inst. C. E., Student, entitled : —'*Sea 
and River Walls." 


DERBY GOLD MEDAL. 
The first Derby Gold Medal was awarded by the Council to Mr. 
M. TRELEAVEN READE, Member, for his Paper entitled :— “Some 
Properties of Flexible Surfaces and Flexible Solids noted in designing 
“Тһе Shellbend Folding Boat.’” 


SOCIETY'S PREMIUM. 
The first Societys Premium was awarded by the Council to Mr. 
BnvssoN CUNNINGHAM, B.E., Assoc. М. Inst. C.E., Member, for his 
Paper entitled :—** Engineering Formule.” 


viii. 
ANNUAL DINNER. 

The Annual Dinner of the Society took place at the Adelphi Hotel, 
Liverpool, on the evening of Thursday, the 11th January, 1900. 
About 130 Members supported the President on that occasion. Тһе 
Society's guests included, amongst others, the Right Hon. the Lord 
Mayor of Liverpool (L. S. Cohen, Esq., J.P.) ; His Worship the Mayor 
of Bootle (Geo. Lamb, Esq.); Hon. James Boyle (American Consul) ; 
The Secretary of The Institution of Civil Engineers (Dr. J. H. T. 
Tudsbery); The President of The Incorporated Law Society (W. A. 
Weightman, Esq.); Mr. Alderman Petrie, J.P. ; and Mr. Alderman 
Fredk. Smith. 


OBITUARY. 

The Council regrets to announce the deaths of three Members, viz., 
Mr. E. A. Johnson; Mr. G. Fosbery Lyster; Mr. James Morgan. 
One Associate, viz., Mr. J. J. Yates. One Student, viz., Mr. Norman 
Lange. (Memoirs of Mr. Lyster and Mr. Morgan will be found in 
Vol. cxxxix., Proc. Inst. C.E., pp. 357 апа 381.) 


RECEIPTS AND EXPENDITURE. 

In accordance with Rule VI, the Honorary Treasurers Financial 
Statement of Accounts for the Year ending 31st December, 1899, has 
been duly audited by Messrs. Andrew Hamilton and Wm. M. Law, 
Members, and is presented herewith. 

The following statement shows a comparison of the Receipts and 
Expenditure for the past two years apportioned to the respective 
headings of account as published by the Honorary Treasurer in his 
Annual Statement :— 


RECEIPTS. EXPENDITURE. 
1898. 1899. 1898. 1899. 

Subscriptions .. | £278 5 0 | 2301 12 6 Rent and attendance; £28 0 0 | £23 00 

Sale of Transactions 000 518 2 Stationery, Postage, 
Tickets for Annual and Telegrams .. 31 6 2 32 2 8 
Dinner  .. ..| 134 8 0| 12419 0 Printing $^ ..| 13217 6 | 15719 8 
Sundries лі 0 00 4 00 Annual Dinner ..| 16416 4| 14912 5 

Derby Gold Medal .. ооо 10 0 0 Salary of Assistant 
Interest "A - 512 613 Secretary .. їз 40 0 0 40 0 0 
£417 14 2| £452 10 11 Sundries na 2% 4 63 4 14 3 
£396 6 3| 2407 8 7 

Balances brought Balances carried 

forward .. ..| 236 0 1 207 8 0 forward .. ..| 257 8 0| 30210 4 


£653 14 3 | £709 18 11 £653 14 8 | £709 18 11 
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GROWTH OF THE SOCIETY. 


The following Table shows the progress made by the Society since 
its commencement in 1875 :— 


pe | pe | 2 | z i. ЕЕ E | 
So 4% * 2 ee |£ 2 2 Б President 
ног || § | 2 ЖЕ | ЫМ Л h Sessi 
zz 5х Е 2 dn Res 8 each session 
Z mal z 
1875-76 | — 51| — -- 51 | — — 
1877 3 68 = 3 71 o0 EN 90 } С. Н. Graham Smith 
1878 3 82| — -— 85 | 17 3 14 Robinson Souttar 
1879 3 78| — -- 76 4 13 — M. E. Yeatman 
1880 3 88| — — 911 93 8 15 Alexander Ross 
1881 4 93 | — — 97! 18 19 6 Alfred Holt 
1882 5 88| — 11 104 | 10 3 7 Frank B. Salmon 
1883 5 96 | — 8 109 | 10 5 5 Henry Bramall 
1884 5 99 | — 6 110| 16 15 1 В. Ratsey Bevis 
1885 5 109 | — 4 118 | 19 11 8 William E. Mills 
1886 5 120| — 11 136 | 98 10 18 Coard S. Pain 
1887 7 144 | — 15 166 | 32 2 30 John J. Webster 
1888 6 151 | — 18 175 | 30 91 9 C. H. Darbishire 
1889-90 6 169 1 16 192 | 33 16 17 Henry Н. West 
1890-91 6 181 3 9 199 | 20 13 7 F. Hudleston 
1891-92 5 191 6 11 213 | 19 5 14 John T. Wood 
1892-93 8 219 8 10 940 | 35 8 21 R. E. Johnston 
1893-94 2 221 | 11 13 247 | 29 22 7 H. P. Boulnois 
1894-95 4 238 | 11 21 274 | 41 14 27 Н. S. Hele-Shaw 
1895-96 6 278 | 18 20 392 | 61 13 48 А. J. Maginnis 
1896-97 8 311 | 95 19 363 | 49 8 41 S. B. Cottrell 
1897-08 | 10 325 | 28 20 383 | 26 6 20 George Farren 
1898-99 | 10 338 | 33 21 402 | 45 26 19 John A. Brodie 
1899-00 | 10 416 | 55 21 502 | 119 19 | 100 А. Bromley Holmes 


THE LIBRARY. 

The following publications have been received during the year :— 

From the editors and proprietors—‘ American Engineer and Railroad 
Journal"; “British Architect"; “Cassiers Magazine"; ‘ Engineering 
Magazine" ; “ Engineer's Gazette” ; “Indian Engineering" ; “ Mechanical 
Engineer"; “Steamship”; “ Transport”; “Тһе Mariner and Engineering 
Record” ; “ Public Health Journal (1900).” 

And а150--“ Annual Report, Chief of Engineers,” U.S. Army, 1898, 
(6 vols.) ; “ Annual Report, Chief of Bureau of Steam Engineering, U.S.A., 
1899; “Liverpool Chamber of Commerce, Report on Light Railways, 1898 ” ; 
“ Liverpool Self-Propelled Traffic Association, Liverpool Trials, 1899, Judges’ 
Report.” 
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. British Association 


X. 


The Society exchanges Transactions with— 


. American Association for the Advance- 


ment of Science 


. American Institution of Electrical En- 


gineers 


. American Institution of Mining En- 


gineers 


. American Society of Civil Engineers 
. American Society of Mechanical En- 


gineers 


. Association of Engineering Societies, 


consisting of:— 
Boston Society of Civil Engineers 
Civil Engineers’ Club of Cleveland 
Civil Engineers’ Club of St. Louis 
Civil Engineers' Society of St. Paul 
Engineers' Club of Kansas City 
Minneapolis Society of Civil En- 
gineers 
Montana Society of Civil Engineers 
Western Society of Engineers 


. Association of Engineers of Virginia 
. Association of Municipal and County 


Engineers 


. British. Association for the Advance- 


ment of Science 
of Waterworks 
Engineers. 


. Canadian Society of Civil Engineers 
. Chesterfeld and Midland Counties 


Institution of Engineers 


. Civil and Mechanical Engineers’ Society 
. Ecole d'application du Genie Maritime, 


Paris 
. Engineers’ Club of Philadelphia 
. Engineering Society Western Pennsyl- 


vania 


. Franklin Institute 
. Hull and District Institution of En- 


gineers and Naval Architects 


. Institute of Marine Engineers 

. Institution of Civil Engineers 

. Institution of Civil Engineers of Ireland 
. Institution of Electrical Engineers 

. Institution of Engineers and Ship- 


builders in Scotland 


2. Institution of Junior Engineers 


. Institution of Mechanical Engineers 

. Institution of Naval Architects 

. Iron and Steel Institute 

. Liverpool Architectural Society 

. Liverpool Chemists' Association 

. Liverpool Geological Association 

. Liverpool Geological Society 

. Liverpool Literary and Philosophical 


Society 


. Liverpool Naturalists’ Field Club 

. Liverpool Philomathic Society 

. Manchester Association of Engineers 

. Manchester Literary and Philosophical 


Societ 


y 
. Midland Institute of Civil & Mechanical 


Engineers 


. Mining Association and Institute of 


Cornwall 


. Mining Institute of Scotland 
. North-East Coast Institution of En- 


gineers and Shipbuilders 


. North of England Institute of Mining. 


and Mechanical Engineers 


. North Staffordshire Institute of Mining 


and Mechanical Engineers 


. North Western Sanitary Inspectors' 


Association. 


. Philosophical Society of Glasgow 

. Philadelphia Commercial Museum 

. Rensselaer Society of Engineers 

. Royal Geological Society of Cornwall 
. Royal Institution of Cornwall 

. Royal Physical Society of Edinburgh 
. Smithsonian Institution 

. Society of Arts of the Massachusetts 


Institute of Technology 


. Society of Engineers 
. South Wales Institute of Engineers 
. South African Chemical and Metallur- 


gical Society 


. Stevens Institute of Technology 

. Technical Society of the Pacific Coast 
. University of California 

. Warrington Literary and Philosophical 


Societ 


. Yorkshire College Engineering Society 


The Transactions of the Society are presented to — 


. * American Engineer and Railroad 


Journal" 


. Bootle Free Public Library 

. ‘British Architect ” 

. Chief of Engineers U.S. Army 

. “ Engineer ” 

. Engineering Department, University 


College, Liverpool 


14. 
19. 
. “Indian Engineering " 

. ** Mechanical Engineer 

. Liverpool Free Public Library 


** Engineering " 
** Feilden's Magazine ” 


Patent Office Library 


. * Steamship” 
81. University of Minnesota 


Total Number of Transactions exchanged with, and presented to, other 
Societies — 81. 
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Constitution. 


Adinission of 
Members, 
Associates and 
Students. 


LIVERPOOL ENGINEERING SOCIETY. 


>-х---> 
ESTABLISHED 10th NOVEMBER, 1875. 
< 


Rules and Regulations. Amended 14th April, 1897. 


OBJECT. 


The promotion of the study and practice of Engineering. 


RULE I. 


The Society shall consist of Honorary Members, Ordinary 
Members, Associates, and Students. 

Honorary Members shall be men of eminent scientific attain- 
ments, whom the Society shall deem worthy of the distinction. 

Ordinary Members shall be persons who shall have been regularly 
educated as Engineers according to the usual routine of pupilage 
or apprenticeship, and who shall be died engaged at the 
time of application for election in some responsible position in any 
branch of the profession of Engineering, or who shall in the opinion 
of the Council have attained such experience in some branch of the 
profession as to qualify them for Membership. 

Associates shall be persons of more than 21 years of age, who 
are not Engineers by profession; but who, by their connection with 
science or the arts, are qualified to concur with Engineers in the 
advancement of professional knowledge. They shall have all the 
privileges of membership, except that they shall not be eligible for 
election to the Council otherwise than as Officers, nor shall they have а 
right to nominate candidates for election to the Society, or vote in 
General Meeting. 

Students shall be persons under 21 years of age, in course of 
training to become Engineers. They shall have all the privileges 
of ordinary membership, but shall not have the right to vote or 
nominate candidates for election to the Society. 


RULE II. 


Any person before being admitted into the Society, as an 
Ordinary Member or Associate, shall be proposed by a Member, 
recommended by two other Members, and elected at a Meeting of 
the Society by at least three-fourths of the Members voting. 

The proposal for Members and Associates shall be made on 
Form A, which shall be filled up and sent to the Secretary one 
week before the Meeting previous to that at which the Candidate 
is to be balloted for. 

The proposal for Honorary Members shall be made on Form В, 
which shall be signed by a majority of the Members of Council. 

The proposal for Students shall be on Form C, which shall be 
similar to FoRM A, with provision for stating the age of the 
Candidate. 

The Council shall examine the proposal forms, and both on the 
evening of proposal and ballot the Secretary shall state that they 
have been so examined. 


xiii.’ 
RULE III. 


Members or Associates residing or being engaged in a place of Residence. 
business within 10 miles of the Liverpool Exchange shall be con- 
sidered Resident Members or Associates, those beyond such limits 
Non-resident Members or Associates. 
The Subscription shall be for each Resident Ordinary Member Subscriptions. 
or Associate One Guinea per annum; for each Non-resident 
Ordinary Member or Associate and for each Student, Half-a-Guinea 
per annum. 
Subscriptions are payable on each first of January for the 
year ensuing, or, in the case of new Members, within one month 
of their election, excepting those elected in any year during the 
month of November, when their subscription shall not be due until 
the lst of January following. 
Any Member or Associate may compound for the Annual 
Subscription by the payment of Ten Guineas, and so become a Life 
Member or Life Associate. 
Any Member, Associate, or Student not paying his Subscription 
within three calendar months after a second notification by the 
Secretary that it is due, shall be considered no longer a Member of 
the Society. 


RULE IV. 


The Council of the Society shall consist of a President, two Vice- Council and 
Presidents, and twelve other Members, and they, together with the Officers. 
ex-officio Members of Council, shall manage the affairs of the Society. 

Past Presidents shall be ex-officio Members of the Council for five Past Presidents 
consecutive years after their retirement from office. Four shall 

form а quorum. The officers of the Society shall be an Honorary Quorum. 
Secretary, an Honorary Treasurer and an Honorary Librarian, and Officers. 

they shall be ex-officio Members of the Council. 

The President shall take the chair at all meetings of the Society President. 
and the Council at which he is present, and shall regulate and keep 
order in the proceedings. 

In the absence of the President, it shall be the duty of one of 
the Vice-Presidents to preside. 

In the event of the absence of the President and Vice-Presidents, 
the Members present shall elect à Chairman from amongst them- 
selves. 

The Honorary Secretary shall act under the Direction of the Honorary 
Council, and shall conduct the correspondence of the Society, take Secretary. 
minutes of the Proceedings at all meetings, and enter them in the 
Minute Books, read the Minutes and Notices at all meetings, revise 
and edit the Transactions, and keep a Register of the Members of 
the Society. 

The Honorary Treasurer shall collect all sums due to the Society, Honorary 
and pay the same into one of the Liverpool Banks to the credit of the Treasurer. 
Society. He shall pay all sums due by the Society, by cheque, signed 
by two Members of the Council, and keep an account of the income 
and expenditure in a General Cash Book provided for the purpose ; 
sueh Cash Book shall be open for inspection by the Council at any 
Council Meeting. He shall produce, at the last Meeting of the 
Council in each year, à Dalance Sheet or Financial Statement, 
together with an inventory of all property possessed by the Council. 

The Honorary Librarian shalt rece and be responsible for the Honorary 
whole of the books, papers, drawings, models, &c., belonging to the Librarian. 
Society. Не shall keep a catalogue of all such books, papers, &с., 
and shall lend them to the Members, under regulations to be 
sanctioned by the Council. 


Vice-Presidents 


xiv. 


RULE V. 


Election of The Council and Officers of the Society shall be elected annually 
Council and at the last Meeting of the Session. Nominations for the various 
Officers. offices shall be made at the meeting previous to that at which the 
election is to take place; and a list of such nominations, and the names 
of the proposers and seconders, shall be sent to each Member of 
the Society at least seven days before the date of election. Тһе 
newly-elected Council and Officers shall take office on the first 
Wednesday in November, up to which date the old Council and 
Officers shall continue in office. Any vacancies occurring during the 

year shall be filled up by the Council. 


RULE VI. 


Auditors. The Treasurer's Annual Statement of the funds of the Society, 
and of the receipts and payments during the past year, terminating 
on December 31st, shall, after being duly audited by two Members 
who are not on the Council, proposed, seconded, and elected at the 
Meeting previous to the last of the Session, be presented to the 
Members with the Report at the Annual General Meeting. 


RULE VII. 


Session and The Session of the Society shall commence annually on the first 
Meetings. Wednesday in November, and terminate on the last Wednesday in 
April. 
E The Ordinary Meetings of the Society shallbe held every alternate 
Wednesday evening at Eight o'clock, from November to April, 
inclusive. The Meetings shall be limited to an hour and a half's 
duration, but in the event of the proceedings not being completed in 
the hour and a half, the time may be extended, or the discussion 
adjourned by a vote of the Meeting. 


The order of proceeding at each Meeting shall be:— 


1.--Тһе Minutes of the previous Meeting, after having been 
read and confirmed, shall be signed by the Chairman. 

2. — Business arising out of the Minutes. 

3. — Communications from the Council. 

4. —Candidates for election to be announced. 

5. —Candidates for election to be balloted for. 

6. —Any individual present for the first time since his election, 
having paid the usual contributions, and signed the 
Register, to be introduced by the Chairman to the 
Meeting. 

7. —Original communications to be read and discussed. 


The Annual General Meeting shall be held on the last 
Wednesday in April, to receive the Treasurer's Statement and the 
Annual Report, also to elect Officers and Council for the ensuing 
year. 


RULE VIII. 


AS А The Council may at any time call a Special Meeting, and it shall 
р at all times be bound to do so on the receipt of a requisition 
signed by not less than ten Members, stating the purpose for which 
the Meeting is to be convened. In either case, at least seven days' 
notice of the time appointed by the Council for such Meeting shall 
be given to every Member; and the Meeting shall be held within 
vwenty-one days after the receipt of the requisition. "The notice 
shall specify the nature of the business to be transacted, and no 
other than that business shall be transacted at that Meeting. 


ху. 


RULE IX. 


All votes on any question brought before the Society shall be Voting. 
given in person; those for the election of the Officers and new 
Members or Associates by ballot; on all other questions openly. 

In the event of equality, the Chairman shall have a second or 
casting vote. 


RULE X. 


The Manuscript of the Papers read, or clear and legible copies ig of 
thereof, shall become the property of the Society. ыы 


RULE ХІ. 


Any Member, Associate, or Student not complying with the Expulsion from 
Rules of the Society, or guilty of misconduct, may № requested by the Society. 
the Council to send in his resignation to the Secretary. But if he 

fail to do so, the Council shall bring his case -before а General 

Meeting, which shall deal with it as may be deemed expedient. 


RULE XII. 


Visitors may be admitted to an Ordinary Meeting, on the intro- Visitors. 
duction of a Member or Associate, who shall enter their names in the 
Attendance Book, provided, however, that no person qualified to 
become а Member or Associate be admitted as a Visitor more than 
twice in the same year. 


RULE XIII. 


No addition to or change in these Rules shall be made except by оао or 
a majority of not less than two-thirds of the Members present ata Rules !" 


Special Meeting to be convened for that purpose. 


XVI. 


LIVERPOOL ENGINEERING SOCIETY. 


DATE OF ELECTION. 


24th Apl., 1895.. 


3136 Маг., 1897.. 


2nd Mar., 1898.. 


8th Jan., 1896... 


318% Mar., 1897.. 


24th Apl., 1895... 


8th Nov., 1882... 


8th Jan., 1896.. 


2nd Feb., 


2nd Mar., 1898.. 


1881.. 


HONORARY MEMBERS. 


= 


NAME. 


.Baker, Sir Benjamin, K.C. M.G., 
LL.D., F.R.S., M.Inst.C. E....2, Queen Square Place, West- 


ADDRESS. 


minster 
.Barry, Sir John Wolfe K.C.B., 
F.R.S., M. Inst. C. E. ............ 23, Delahay Street, Westminster, 
London, S. W. 
.Beresford, Rt. Hon. Lord Charles, 
GBs MOIS ымы аа еді Lower Berkeley Street, Port- 


man Square, London, W. 


Derby, Right Hon. The Earl of, 
KG. OC BS ieee Knowsley, near Liverpool 


.Fox, Sir Douglas, M. Inst. C. E....28, Victoria Street, Westminster, 


London, S. W. 
Kelvin, Right Hon. Lord, LL.D., 
F.R.S. 


er Em "Тһе Library, The University, 
Glasgow 


"cs University College, Liverpool 


.Preece, W. H., C.B., F.R.S. ......Gothic Lodge, Wimbledon, 


Surrey. 
.Reynolds, Osborne, M. A., F. R.S., Owens’ College, Manchester 
.White, Sir William H., K.C.B., 
BED D, ERIS SS The Admiralty, Whitehall, 
London, S. W 


Total Number of Honorary Members. 


l. 


xvii. 


Моте. —Figures prefixed to a name indicate the number of papers contributed 
and published in the yearly ** Transactions." 


DATE OF ELECTION. 


19th Oct., 1887.. 
l7th Feb., 1897.. 


2nd Mar., 1898.. 


llth Jan., 1899.. 
8th Nov., 1893.. 


19th Feb.. 1896.. 
19th Feb., 1896. 


4th Apl., 1900.. 


15th Nov., 1899.. 
13th Dec., 1899.. 


13th Dec., 1899.. 


26th Nov., 1890.. 


7th Nov., 1894. 


13th Dec., 1899.. 
13th Nov., 1895.. 


23rd Dec., 1891.. 


2lst Feb., 1900.. 
4th Apl., 1900... 
18th Dec., 1899.. 
13th Nov:, 1895.. 


„Allen, S. Proctor 


.Anderson, William 


. Armstrong, Е. C. 


.Ashton, Edwin 


" "n 


. prefixed to a name indicates the award of а ** West Premium." 


н ** Derby Gold Medal." 
" ** Society's Premium.” 


MEMBERS. 


NAME. 


.Adamson, John, 
Assoc. М. Inst. C. E. ............ 


.Aitchison, С. C., 
Assoc. M. Inst. C. E. ............ 


ADDRESS. 


.Adamson, Alexander.................. 


152, Bedford Road, Bootle 


Snowdon Mountain Railway, 


Llanberis, North Wales 


.Alder, W. С. B......................... Messrs. Elder, Dempster & Co., 


.Alexander, John T. .................. 


Water Street, Liverpool 
Building Surveyor's Office, Muni- 
cipal Buildings, Liverpool 


„Allen, Cecil A. ........................ White Star Works, Bootle 


..Allen, Edward, M. I. Gas E. ...... 


ж Лепру RD ива ива 


.Allott, Charles S., 


M. Inst. C. E., M.I. Mech. E... 


.Allott, Henry N., 


Engineer's Office, L'pool United 
Gas Co., Duke Street, Liverpool 


РЕТТИ Royal Insurance Co., 1, North 


John Street, Liverpool 
23, Prospect Vale, Fairfield, L'pool 


.46, Brown Street, Manchester 


Assoc. M. Inst. C. E............... 46, Brown Street, Manchester 


.Aman, Frederick T., 
Assoc. M. Inst. C. E. 


“...-.шшшеө,ш 


. Anderson, John W., 


Assoc. M. Inst. C. E., 
M. I. Mech. E. ..................... 


City Engineer's Office, Municipal 
Offices, Liverpool 


Pearl Assurance Buildings, St. 
John's Lane, and University 
College, Liverpool 


а бына бы 13, Neville Road, Waterloo 


.Armistead, Reginald.................. c/o Chris. Geddes, Esq., 24, Drury 


.Armour, James G., 


Assoc. M. Inst. C. E., 
M. I. Mech. E. ..................... 


Ashmore, ‘Thomas 


"«езае+ озо ооз eti эз ө э i$ 


ооо ооо о ооо вос ге ө 4. 


.Aspinall, John А. F., 
M. Inst. C.E., M. I. Mech. E., 


Lane, Liverpool 


13, Castle Street, Liverpool 


Messrs. Dick Kerr and Co., 110, 
Cannon Street, London, E.C. 

Westmoreland Foundry, West. 
moreland Place, Liverpool 

Superintendent Engineer, Post 
Office, Liverpool 


М.Г. and 5. Inst. .................. Gledhill, Mossley Hill Drive, L’pool 


President. (Life Member.) 


DATE OF ELECTION. 


17th Nov., 1897.. 
27th Nov., 1895.. 


13th Nov., 1889.. 
ӘӘпа Mar., 1899.. 
95th Nov., 1896... 


4th Apl., 1900.. 


1. llth Nov., 1896.. 


26th Nov., 1890.. 
22nd Mar., 1899.. 


14th Dec., 1898. 
3. 28th Nov., 1888.. 


llth Jan., 1893.. 
1. 13th Nov., 1895.. 


20th Dec., 1893... 
2.W. 12th Dec., 1888.. 
7th Nov., 1894.. 


2nd Nov., 1887.. 


31st Jan., 1894.. 


11th Nov., 1896.. 
7th Nov., 1894.. 


21st Feb., 1900.. 
29th Nov., 1899.. 


1. 8th Nov., 1884.. 


2, 13th Mar., 1878.. 


1. 21st Nov., 1894.. 


28га Jan., 1889.. 


..Baker, John 


.Beeton, Stanley 
.Bell, Allan 


.Bellamy, C. R., 


.Bigley, Thomas M., 


xviii. 


NAME, ADDRESS. 

„Aston, Ernest William............... Union Place, Oswestry 

.Aston, William ........................ Engineer’s Office, Cambrian Rail- 
way Co., Oswestry 

.Atherton, John J. ..................... 11, Folly Lane, Warrington 

„Atkins, Evan А............. ........... 9, Breckside Park, Anfield, L'pool 

Aveyard, George S. .................. c/o Messrs. Turner & Sons, 
Electrical Engineers, Ashton- 

| under-Lyne. 
.Bach, John Е., 


Assoc. M. Inst. С.Е. ............ Messrs. Beloe & Priest, 13, 
Harrington Street, Liverpool 
.Badger, Fred. E. С. .................. Engineer's Office, L. & N. W. Rail- 
way Co., Lancaster 
.Baird, Andrew Н.  .................. 22, Dutton Street, Liverpool 


.Bakewell, Frederic J., 
Assoc. M. Inst. Е.Е.  ............ 10, Hale Road, Liscard 
ИЕ DS 51, Carisbrooke Road, Liverpool 


.Bannister, M. C., 


Assoc. M. Inst. С.Е. ............ Central Buildings, North John 


Street, Liverpool 


.Barclay, George ........................ c/o Messrs. J. Glynn % Son, 


20, Water Street, Liverpool 
.Barham, H. G. Foster, 
Assoc. M. Inst. C. E. ............... Belloyanne Lodge, Jersey 


Barker, Eric G., M. I. Mech. E. Guyse House, Cearns Road, Oxton, 
Hon. Librarian. sirkenhead 


Barling, Ivan С......................... Engineer's Office, Aire and Calder 
Navigation Company, Goole 
.Barnes, J. E. Lloyd, Wh. Sc., 
М.Т. Mech. E. ..................... 34, Castle Street, Liverpool 
.Barton, A., Assoc. M. Inst. C. E., 
Assoc. М.І. Mech. E. ............ Admiralty Works Department, 
21, Craven Street, Charing 
Cross, London, W.C. 
.Bayley, George R...................... 4, Sandheys Avenue, Waterloo, 
near Liverpool 
. Beatson, David ........................ 5, Gordon Road, Seaforth 
.Beckett, William M., 
Assoc. M. Inst. С.Е. ............ Engineer-in-Charge, New Junction 
Canal, Snaith, R.S.O., 
Yorkshire. 


р д 78, King Street, Manchester 


ЖОГОЛО ЛЛК КС 18, Cairns Street, Princes Avenue, 
Liverpool 


Assoc. M. Inst. C. E. 
Member of Council 


РТТАР Corporation Tramways  Depart- 
ment, 6, Sir Thomas Street, 
Liverpool 

.Bevis, R. Ratsey, 

M. Inst CE. ооо Birkenhead Iron Works, Birken- 
Past President —1884. head 


Assoc. М. Inst. С.Е. ............ 19, Castle Street, Liverpool | 


.Blackburn, К. N., Wh. Sc.......... Messrs. Blackburn & Sons, 20, 


North John Street, Liverpool 


9. 


to 


1. W. 9th Nov., 1892... 


l. 


DATE OF ELECTION. 


llth Dec., 1895.. 
19th Oct., 1887.. 
4th Apl., 1900.. 
25th Feb., 1885.. 
13th Nov., 1895... 
4th May, 1892.. 
. 26th Mar., 1890... 


24th May, 1876... 
16th Nov., 1898... 


8th Dec., 1875...Bovey, Henry T., M.A. Cantab., 


9th Nov., 1892.. 
93rd Jan., 1889... 
1900... 
. 27th Sept., 1880... 


7th Mar., 


25th Jan., 


13th Feb., 1878... 


22nd Oct., 1884... 


7th Nov., 
3rd Apl., 


18th Mar., 


25th Nov., 1896.. 
27th Apl., 1898.. 
25th Jan., 1888... 


.Blair, Malcolm 
.Blair, W. N., Assoc. M. Inst. C. E. 
.Blakeley, E. F. 


1888.. 
19th Nov., 1885... 


1894.. 


1895.. 
llth Dec., 1895.. 


1896... 


.Bryce, David R. 


xix. 
NAME. 


е“....мш.е.шшшшшше« гө. 


зоо ооо ово ооо оо е езе» 


.Blood, Е. W. 


ADDRESS. 


Messrs. Francis Morton & Co., 
Garston, Liverpool 

‚ Vestry Hall, St. Pancras Road, 
London, N. W. 

.10, Somerville, Poulton Road, 
Seacombe 


NT cd tse Grafton Saw Mills, Grafton Street, 


Liverpool 
Boothroyd, Н. T., R. N.R. ......... Chesterton, 29, Crosby Road, 
Seaforth. 
.Boscawen, P. Noel..................... c/o G. F. Deacon, Esq., 16, Gt. 


Boulnois, H. Percy, M. Inst. C. E., 
ESE 


Past President —1893-94. 
Boult, W. S., Assoc. M. Inst. С.Е. , 


Bourne, John 


ооо ооо ооо ооо ооо ere 


Assoc. M. Inst. С.Е. ............ 


.Dowden,F. W., Assoc. M.Inst. C. E., 


George St., W estminster, S.W. 


44, Campden House Court, 
Kensington, London, W. 


Sudbury, Beechcroft Road, Upper 
Tooting, London, S. W. 

Surveyor's Office, Town Hall, 
Neston, Cheshire 


‘Professor of Engineering, McGill 
University, Montreal, Canada 

Public Offices, G rassendale, 
Aigburth. 


Bower; W Ne сырылды ныны: 7, Parsonage Road, Withington, 
Manchester 
Boyd, Chas. A. ........................ The English Electric Manufacturing 


Bramall, Henry, M. Inst. C. E. 
Past President —1883. 


. Brew, J. B. sale. aed dore ec tus 


Brightmore, Arthur Wm., D. Sc., 
M. Inst. C. Есим Sa 


Brinckman, William, 
Assoc. M. Inst. С.Е. ............ 
Boe John Alexander, 
h. Sc., M. Inst. C.E., 
M. І. Mech. E. ..................... 
Past President—1898-99. 


Brodie, William, 
Assoc. M. Inst. C.E. 
Member of Council 


4 ооо ооо оо ох оеоь 


.Brown, David ........................... 


.Browne, Wallis V. 


.Brownridge, Charles, 
Assoc. M. Inst. C. E. 


Bruce, W. J. Willett, R. N. R. 


.ә.-ә...ввешеввгевеевә 


...“еөзгее«аа 


.Brundrit, Dean J...................... 


зоо ооо ооо осо ось 


Buchanan, J. Н......................... Oswald Chambers, 


Co., 


Preston 


... Pendlebury Collieries, near Man- 


chester 
32, Deane Road, Liverpool. 


Royal Indian Engineering College, 

Englefield Green, Surrey. 
Dinorwic Quarries,  Llanberis, 
Carnarvon 


City Engineer, Municipal Offices, 
Dale Street, Liverpool 


Engineer’s Office, Dock Yard, 
Liverpool 


Bootle Foundry, Vulcan Street, 
Bootle 
36, Orrell Park, Aintree, L'pool 


Borough Surveyor, Town Hall, 
Birkenhead 


... White Star Works, Strand Road, 


Bootle 

43, Ferndale Road, Sefton Park, 
Liverpool 

74, Hartington Road, Sefton Park, 
Liverpool. 

9, Oswald 

Street, Glasgow 


l. 


l. 


DATE OF ELECTION. 


22nd Jan., 1896. 


2nd Mar., 1898.. 
15th Хоу., 1899.. 
14th Feb., 1883.. 
27th Jan., 1892.. 


12th Nov., 1890.. 
5th Oct., 1887. 


4th Apl., 1900.. 
18th Mar., 1896.. 


15th Jan., 1890 


4th Apl., 1900.. 
8th Nov., 1893.. 


9th Mar., 1887.. 
15th Nov., 1899.. 
26th Feb., 1890.. 
15th Nov., 1899.. 
27th Nov., 1895.. 
16th Nov., 1898.. 
13th Dec., 1899.. 


16th Nov., 1898.. 
13th Nov., 1895.. 


15th Nov., 1899...Clarke, Herbert G., 


llth Nov., 1896.. 
10th Jan., 1900.. 


19th Feb., 1896.. 
13th Nov., 1895.. 


llth Nov., 1896. 


21st Nov., 1883. 


21st Mar., 1900.. 


7th May, 1890.. 
12th Jan., 1887.. 
6th Apl., 1887. 


XX. 


NAME. ADDRESS. 
..Buckwell, G. W., Wh. Sce., 
M. I. Mech. E., M.L.N. A., 
ME Мат заемы Board of Trade Surveyor's Office, 
Sunderland 
.Bunch, Charles E...................... Dallam and Bewsey Forges, 
Warrington 
ВИО Ва eate Messrs. J. Crosfield & Sons, 
Warrington. 


.Burton, С. L., Assoc. M.Inst. C.E., Ymuiden, Warren Road, 


Blundellsands. 
.Bush, Robert, B.A., | 
Assoc. M. Inst. C. E. ............ Engineer's Office, Sandon Dock, 
Liverpool 
.Dushell, Edward H., M.I.N.A. ...68, Orange Court, 35, Castle 


Street, Liverpool 


„Cadman; C. УЙУ, sei on pepe 18, Linnet Lane, Prince's Park, 
Liverpool 
.Callender, Thomas O., M.I. E. E....90, Cannon Street, London, Е.С. 
.Calthrop, Everard Richard......... 30, Finsbury Circus, London, E.C. 
барве Ris usse e exu 74, Grafton Street, Liverpool 
Carr, Isaac, M. Inst. С.Е. ......... Farnworth, Widnes 
.Carruthers, J.W. B................... City Engineer’s Office, Dale Street, 
Liverpool 
Carter, William........................ Hydraulic Eng. Co., Chester 


.Carter, Richard ........................ Liverpool Gas Works, Garston 
.Cartwright, Joshua, M. Inst. C. E., Peel Chambers, Bury, Lanc. 
-Catchpole, J. М”. ..................... 23a, Tarvin Road, Chester 
.Caulton, Fred. ........................ 12, Hemans Street, Liverpool 
.Chandler, Lincoln ..................... “Тһе Hollies," Wednesbury 


.Chapman, Alfred, M. Inst. C. E. ...Messrs. Fawcett, Preston & Co., 


York Street, Liverpool 


.Charlewood, С. А...................... 219, Upper Parliament Street, 
Liverpool 
Clarke, Edgar........................... City Surveyor's Department, 


Town Hall, Sheffield 


Assoc. M. Inst. С.Е. ............ Sewerage Department, City 
Engineer's Office, Liverpool 
Clarke, John Н......................... Monkbridge Iron and Steel Works, 
Leeds 
.Clough, Alfred, 
Assoc. M. Inst. С.Е. ............ 74, Lark Lane, Liverpool 
.Clover, Matthew, M.LN.A. ...... Rose Brae, Birkenhead 
.Collard, Alfred S. ..................... Messrs. В. P. Houston & Co., 


Dale Street, Liverpool 


..Collard, J. A., М. Inst. М.А. ...... 61, Drury Buildings, 21, Water St. 
..Collier, H. M. H., 


Assoc. M. Inst. С.Е. ............ Resident Engineer's Office, Lime- 
house Basin Improvement, North 


Metropolitan Railway, London 


Collins, Brierley H., M. Inst. E. E., 17, Hawarden Avenue, Sefton 


Park, Liverpool 
Collis, W. H., Assoc. M. Inst. C. E., 28, Mulgrave Street, Liverpool 


.Comerford, Edward .................. Victoria Park, Wavertree 


ОО. ы тынан bi tec da aU E 18, Esplanade, Waterloo 
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1.5. 20th Feb., 1895.. 


DATE OF ELECTION. 


15th Nov., 1899.. 
30th Nov., 1898.. 


19th Jan., 1887.. 


9th Nov., 1892.. 
4th Apl., 1894.. 


10th Oct., 1877.. 
21st Mar., 1900.. 
26th Feb., 1890.. 


15% Dec., 1897.. 
2186 Mar., 1900.. 
5th Feb., 1896.. 
° 13th Nov., 1895.. 
1st April, 1896.. 


llth Jan., 1893... 


16th Nov,, 1898.. 


17th Nov., 1897.. 
llth Jan., 1893... 
16th Mar., 1881... 


Past President —1888. 
llth Jan., 1893.. 
15th Nov., 1899.. 


17th Nov., 1897... 
13th Nov., 1895.. 
9th Nov., 1892.. 
20th Feb., 1889.. 
lith Nov., 1896.. 


12th Apl., 1893.. 


.Costa, A. B. da 


. Davies, T. 


. Davies, T. W. 


.Davies, William................... Liverpool 


ХХІ. 


МАМЕ. ADDRESS. 


Cooke, Rupert T. .................. 69, Penny Lane, Sefton Park 
.Соорег, E. Н. S., Stud. Inst. C. E.. Engineer's Office, L. & N. W. and 


Gt. W. Joint Railways, Wood- 
side Station, Birkenhead 


.Cooper, Francis E., 


Assoc. M. Inst. C. E................ City Engineer’s Office, DaleStreet, 
Member of Council. Liverpool 
.Cooper, Ralph........................... 1, Chapel Walks, Preston 
Corbett, Joseph, М.Ъ.Т. ............ Borough Engineer, Town Hall, 
Salford 
Cornish, E. S.C. scc en Dock Yard, Coburg Dock, L'pool 


а ... Sylvandale, Spital, Cheshire 
.Cottrell, S. B., M. Inst. C.E., 


M.L- Mech. E. сиски L’pool Overhead Railway, Pacific 
Past President —1896-97. Buildings, 31, James Street 
(CoU pe; 10: асамын нама ба I City Engineer's Office, Liverpool 


Crawford, John P. .................. 37, Arundel Avenue, Liverpool 
.Crichton, Charles 
Critchley, W. C. 
.Crouch, John Р., 


шыны ланы Huskisson Engine Works, L'pool 
M 94, Corporation Road, Birkenhead 


Assoc. M. Inst. C. E. ............ Carriage and Wagon Works, 
L. & Y. Ry., Newton Heath, 
Nr. Manchester 
Crowther, J. A., 


Assoc. M. Inst. С.Е. ............ Borough Engineer, Town Hall, 
Bootle 
Crump, Arthur Н. .................. Messrs. James Goodyear & Co., 
31, James Street, Liverpool 
Cunningham, Brysson, 
B. E., Assoc. M. Inst. C. E. ...... 35, Oakdale Road, Waterloo 


.Daglish, Harry B., M. I. Mech. E. Messrs. Robert Daglish & Co., 


St. Helens 


Dalrymple, Alex. .............. ...... 25, Rutland Avenue, Sefton Park, 
Liverpool. 
Darbishire, Charles Henry, J.P., 
Assoc. М. Inst. С.Е. ............ Penmaenmawr, North Wales 


Member of Council. (Life Member ). 


.Darby, Jas. Т. ...... PERS Church Street West, Bootle 
.Dawson, Phillip, 


Assoc. M. Inst. C. E., 

М.Г. Mech. E., М.Г.Е.Е. ...... Messrs. Robert W. Blackwell & 
Co., 39, Victoria Street, West- 
minster, S. W. 


Davidson, J. R., M. Sc. ............ Liverpool Corporation Water- 
Stud. Inst. C. E., works, Horwich, by Bolton. 

.Davies, Charles Edward ............ 24, Esher Road, Liverpool 

.Davies, Fred. Wm. .................. Water Engineers Department, 


Municipal Offices, St. Peter's 
Churchside, Nottingham 
TE Canning Dock Works, Liverpool 


Assoc. M. Inst. C.E., F.G.S....41, Park Place, Cardiff 


Corporation Water- 
works, Llanforda, Oswestry 


to 


DATE OF ELECTION. 


25th Apl., 1877.. 
15th Nov., 1899.. 


28th Mar., 1877. 
24th Jan., 1900.. 


12th Nov., 1890.. 
7th Feb., 1900.. 
13th Nov., 1895.. 


Sth Feb., 1893.. 
15th Nov., 1899.. 
4.W. 13th Feb., 1878... 


25th Apl., 1900.. 
27th Jan., 1886.. 


99th Jan., 1890. 
25th Sept., 1878... 


llth Nov., 1896.. 
13th Mar., 1878.. 


7th Mar., 1888.. 
27th Jan., 1886.. 


18th Apl., 1894.. 


12th Dec., 1888. 


lith Mar., 1885.. 


22nd Apl., 1896.. 
10th Jan., 1900.. 


25th Nov., 1896.. 
llth Feb., 1880. 


17th Mar., 1897.. 
10th Oct., 1886.. 


16th Nov., 1898... 
4th Apl., 1900.. 


.Downie, Thomas 


..Edwards, George 


ХХІІ. 
NAME. 


.Deacon, George F., M. Inst. C. E., 
MT Mech: Б. canere 


.Deakin, George W., 


ADDRESS. 


Gt. George St. Chambers, 16, Gt. 
George St., Westminster, S. W. 


Stud. Inst. С.Е. .................. Hollywood, Egerton Park, Rock 


.. Dickson,John, Assoc. M.Inst. C. E., 


.Douglas, James Т...................... 


.Downe, Reginald S. .................. 


Duff, Peter ырады оың 
.Dunean, John Н. ..................... 


Duncanson, Thomas, 
Assoc. M. Inst. C. E. 
Member of Council. 


Edge, Fred Jessie 


.Edmiston, J. B., M. I. Mech. E., 
MIN CAS sui уататын 


......%.....%......... 


. Ellis, Edward, M. Inst. C. E. ...... 
.Evans, Frederick 


EVANS, Di Do SSS et 


.Evanson, F. M., 
Assoc. M. Inst. C. E. 


.Everett, Frederick C., 


гону. 
Glaisdale Ironworks, Grosmont, 
Yorks. 


.Donnelly, John, М.І. Mech. E. ...Steel Railway Journal Box Co., 


Ltd., Pendleton, Manchester 
Queen B'dings, 11, Dale St., L'pool 


93, Ducie Street, Liverpool 


Toxteth Engine Works, Caryl 
Street, Liverpool 
18, Radnor Place, Birkenhead 


Bugle Bank, Huyton 
16, Deane Road, Liverpool 
Regent Road, Wallasey 


Highfield Road, 
Hill, 


Ivy Cottage, 
Walton 
Carlton House, 
London, S.W. 


Putney 


Ellington, EdwardB. ‚М. Inst.C. E. , Palace Chambers, 9, Bridge Street, 


Westminster, London, S. W. 
Great Northern Railway, Leeds 


райына Шықшы Stanley Works, Portia Street, 


Stanley Road, Liverpool 
Plas Madoc, Hamilton Road, Sher- 
wood Rise, Nottingham 


African Chambers, 19, Oldhall St., 
Liverpool 


Assoc. M. Inst. C. E. ............... Public Offices, Green Lane, Tue- 


..Farren, George, 


J.P., M. Inst. C. E., F. R. S.S.... 
Past President —1897-98. 


.Ferber, E. G., М. Г. М.А. ......... 


.Fernie, Јатев........................... 


.Ferranti, S. Z. de, 


М. Inst. C.E., M. Inst. E. E.... 
.Field, Henry H......................... 


..Fitz-Gibbon, Gerald, 


M. Inst. C. E. 
Forrest; оһп........................... 


.Fosbery, А. С. W...................... 


.....шевевевеевеееееете 


оооооововее о 


Fosbery, Charles Leslie 


.Foster, Thomas 


brook, Liverpool 


Carnarvon, North Wales 


City of Dublin Steam Packet Co., 
9. Regent Road, Liverpool 
30, Brunswick Street, Liverpool 


Hollinwood, Manchester 
Messrs. Rylands Bros., Warrington 


Aire & Calder Navigation, Leeds 


Assistant Engineer, Bombay Port 
Trust, Bombay 

Engineer's Office, Dock Yard, 
Liverpool 

Surveyor to the District Council, 
Hoylake 


1. W. 


DATE OF ELECTION. 


13th Apl., 1898.. 


5th Dec., 1894.. 
8th Mar., 1899.. 
27th Apl., 1898.. 
91st Nov., 1894.. 


4th Mar., 1896.. 
25th Nov., 1896.. 
8th Feb., 1893.. 
15th Nov., 1899.. 


7th Nov., 1894.. 


13th Feb., 1880.. 
6th Oct., 1880.. 


7th Nov., 1894. 
12th Nov., 1890.. 


lst Dec., 1897. 
4th Apl., 1900.. 
9th Dec., 1896.. 


7th May, 1890. 
6th Apl., 1892. 


23rd Apl., 1890.. 
3lst Mar., 1897.. 
12th Nov., 1890.. 


18th Mar., 1891.. 
7th Mar., 1900.. 
9th Mar., 1887.. 


11th Dec., 1895.. 


llth Nov., 1891.. 
9th Mar., 1892.. 


25th Nov., 1891. 


.Hamilton, Andrew, M.I.N.A. 


.Harris, Thomas 


.Harry, E. Wareham 
.Harvey, Robert F., 


xxiii. 
NAME. 


.Fowler, A. F., 
Assoc. M. Inst. C. E. 


ооо ооо осо осо 


.Given Ernest C., 


Assoc. M. Inst. C.E., 
Assoc. M.I. Mech. E. ............ 


.Glover, James, Junr., М.А., 
ыы Holly House, Lowton, Newton.le- 


.Glover, W. W. $. ..................... 
.Goldstraw, William 
..Goodier, Frederick 


Assoc. M. Inst. C. E. 


эоо ооо оо ово осо о о о 


эооооо вов ово ооо оо е 


ADDRESS. 


Rr Ud Ribble Navigation Offices, Preston 
.Fozzard, William C. .................. 87, Walton Breck Road, L'pool 

.France-Hayhurst, Gerald............ 
.Francis, O. Francis 
.Fraser, Robert В. ..................... Messrs. А. & К. Brown & Co., 


.Fry, Charles E. ........................ 
.Gaskin, Fredk. Wm................... 
.Geddes, Chris., M. I. Mech. E. 


The Rectory, Davenham, Cheshire 
Kilmorey Park, Chester 


90, Regent Road, Liverpool 
34, Examiner Buildings, Strutt 
Street, Manchester 
Water Engineer’s Office, Dale 
Street, Liverpool 


..2А, Drury Lane, Water Street, 


Liverpool 


Messrs. Flannery, Tritton & 
Given, 17, Water Street, L'pool 


Willows 
**Gleddingholme,"Beresford Road, 
Birkenhead 
Building Surveyor, Municipal 
ffices, Liverpool 
** Avoca," 47, Moss Lane, Aintree 


Goodwin, Gilbert S., M.I. N.A. ...Alexandra Buildings, 19, James 


. Grant, Allan J. ........................ 
.Grayson, H. M., M. Inst. N.A. ... 
.Grayson, J. Н. Е. ..................... 


..Greaves, В. M. ........................ 
ЖАҒЫНЫН T. Beci os 


9th Nov., 1892...Haarer, Ernest C. ..................... 


.Haldane, J. W. С...................... 


.Hallas, George Н...................... Huyton, near Liverpool 
.Hall, Watkin 


. Hamilton, Thomas..................... 


.Hardaker, А. E., Stud. Inst. C. E., 


эзовео оо озеоовово 


и Surveyor's Office, 


Street, Liverpool 
Birkenhead Ironworks, B'head 


20, Water Street, Liverpool 


Messrs. H. & C. Grayson, Ltd., 
179, Regent Road, Liverpool 
Wern, Tremadoc R.S.O., N. Wales 


Manor House, Hale, near Liver- 
pool 

Hydraulic Engineering Co., 
African Chambers, Old Hall 
Street, Liverpool 

30, North John Street, Liverpool 


Surveyor to the District Council, 
Great Crosby 


...c/o Messrs. G. S. Goodwin & Co., 


19, James Street, Liverpool 
Messrs. C. & Н. Crichton, 
Huskisson Engine Works, L'pool 
Engineer's Office, L. & Y. Ry., 
unt's Bank, Manchester. 


Town Hall, 
Portmadoc 
Borough Engineer, Cambridge 


Assoc. М. Inst. C. E. ............... 16, Seaton Buildings, 17, Water 


.. Haswell, Frederick J. m СОРА 


Street, Liverpool 
Liverpool Hydraulic Power Co., 
123, Athol Street, Liverpool, N. 


DATE OF ELECTION. 


25th Apl., 1900.. 
9th May, 1888.. 


25th Apl., 1900.. 
28th Oct., 1885... 


13th Nov., 1895... 


2214 Jan., 1896.. 
15th Nov., 1899.. 


25th Jan., 1899.. 


16th Nov., 1898.. 
Sth Nov., 1893.. 


9th Nov., 1892.. 
13th Nov., 1895.. 


Sth Nov., 1882.. 


95th Apl., 1877... 


llth Jan., 1893.. 
3rd Feb., 1897.. 


13th Nov., 1895... 
14th Nov., 1888... 
13th Nov., 1895.. 

4th Apl., 1900.. 


15th Nov., 1899... 
12th Feb., 1890.. 


10th Oct., 1877... 


3rd Nov., 1886.. 
13th Jan., 1886.. 


25th Nov., 1896.. 

Ist May, 1889.. 
7th Nov., 1894.. 
20th Feb., 1889.. 


13th Nov., 1895.. 
96th Feb., 1890.. 


.Horsburgh, 5. Gordon 


„Лопез, Charles 
Jones, I. M., M. Inst. C. E.,...... ... City Surveyor, Town Hall, Chester 


XXIV. 


NAME. ADDRESS. 

.Hawkins, Elyot S. .................. The Lindens, Ferrer's Road, 
Oswestry | 

‚Нау, Arthur C., М.Г. М.А. ......... 3, Wellington Buildings, South 


Castle Street, Liverpool 


‚Нау, William G. ..................... 201, North Hill Street, Liverpool 


Hele-Shaw, H. S., 

LL. D., Wh. Se., F.R.S., 

M. Inst. C. E., M.I. Mech. E....University College, Liverpool 
Past President — 1894-95. Member of Council. (Life Member.) 


Helliwell, Robt. В. .................. 78, Wellington Avenue, Smith- 
down Road, Liverpool 


. Hepburn, CO SAS 11, Redcross Street, Liverpool 
Hide. Wi Je Raised cerei es 98, Hawarden Avenue, Sefton 


Park, Liverpool 


.Higginson, F. Forbes ............... Messrs. Robt. W. Blackwell & Co., 


20a, Chapel Street, Liverpool 


.Hill, Edmund Lewin, А.Т. E. E. ...3, Ashfield Road, Aigburth, L’pool 
.Hilton, Harold Cunliffe 


ARR City Surveyor's Office, Town Hall, 
Manchester 
Holliday, J. М.Т...................... Water Engineer's Office, Liverpool 


.Holme, Arthur H., J.P., 


Assoc. Inst. C. E. .................. 6, Gambier Terrace, Liverpool 
.Holmes, Arthur Bromley, 
M. Inst. C. E., M.I.E.F. ......... 36, Princes Avenue, Liverpool 
Past- President. —1899-1900. 
Holt, Alfred, M. Inst. C.E......... l, India Buildings, Water Street, 
Past President —1881. Liverpool 
. Holt, Robert, M.I. Mech. E. ...... Egypt 
.Honiball, Charles R., 
А. M. I. Mech. E................... 161, Fountains Road, Liverpool | 


Hope, Alaric, Assoc. M. Inst. C. E. Engineer'sOffice, Dock Yard, L'pool 
Hope, W., J.P., Assoc. Inst. C. E.,10, Blackstock Street, Liverpool 


. Horner, Joseph W. .................. 42, Upper Fox Street, Leicester 


ITUR 16, College Avenue, Great Crosby, 
Nr. Liverpool 
Horsfall, W. М........................ 1, Hackin’s Hey, Liverpool 


Howells, D. J. ........................ c/o Engineering and Foundry Co., 


- Bellino-Fenderick, Odessa, 
Russia 
Hudleston, Ferdinand, 
Assoc. M. Inst. С.Е. ............ Electric Traction Co., Ltd., 16, 
Past President —1890-91. Gt. George Street, Westmin- 
ster, S. W. 


.Hulme, E., Assoc. M. Inst. C. E....20, North John Street, Liverpool 
.Hurtzig, A. C., M. Inst. C. E. ...... 2, 


Queen Square Place, West- 
minster, S. W. 


Jamieson, W......... .................. 
Johnson, Joshua........................ 1, Brompton Avenue, Sefton Park 
Johnson, W. В. ........................ 51, Egerton Street, Liverpool 


Johnston, В. E., M. Inst. C. E. ... Engineer's Office, Woodside Rail- 


way Station, Dirkenhead 
Past President —1892-03. Life Member. 


КОРКТУ ГОТ 8, Holly Grove, Seaforth 


3. 


1.W.22nd Nov., 1893.. 


6. 


DATE OF ELECTION. 


22nd Oct., 1879.. 


12th Dec., 1888.. 
24th Apl., 1895.. 


Tth Nov., 1894.. 
23rd Dec., 1891.. 
7th Nov., 1894.. 
16th Nov., 1898.. 


3rd Nov., 1886.. 


16th Jan., 1878.. 
3rd Nov., 1886... 


21st Feb., 1900.. 


20th Jan., 1897.. 
Sth Nov., 1893.. 


8th May, 1895.. 
27th Apl., 1898.. 


10th Jan., 1900. 
3lst Mar., 1897. 


9th Jan., 1887.. 
20th Jan., 1897.. 
2186 Mar., 1900.. 
10th Jan., 1900.. 
15th Nov., 1899.. 


7th June, 1876.. 


13th Nov., 1895.. 


8th Feb., 1899.. 
95th Apl., 1877.. 


4th Apl., 1900.. 
24th Jan., 1900.. 
16th Nov., 1898.. 

4th Nov., 1885.. 
16th Nov., 1898.. 


.Kendall, Frank A. 


„Като, William, M. Inst. C.E. ..... 


. Knowles, William Leak 


.Marples, Ernest 
Marr, John J. села ыды 18, Moorfields, Liverpool 
—— ** Maplehurst," Birkdale 
.Mason, Charles, M. Inst. C. E... 
.MeCulloch, А........................... 


XXV. 


NAME, ADDRESS. 
Jones, W. H., Assoc. M.Inst.C. E., Engineer's Office, Dock Yard, 
Liverpool 
E, Er 170, Walton Village, Walton 
КВ. De. Qiu RE 31, Wellington Road, Charlton, 


Kelly, Archie................. ......... 


.Кег, W. Arthur, 
Assoc. M. Inst. C. E. 


.Kerslake, W. E., 
Assoc. М.І. Mech. E. ............ 


Kinghorn, J. G., M.I.N.A......... 


London, S.E. 


„Keene, Тгеуог........................... 16, Caithness Drive, Liscard 


Elsinore, Promenade, Liscard 
Saxonhurst, Rock Ferry 


TOES 15, Marine Terrace, Waterloo 


16, Woodland Road, Cherry Lane, 
Walton 


.Gas Office, Duke Street, Liverpool 


Tower Buildings, Water Street, 
Liverpool 


.Kirkland, George B. .................. Vauxhall Foundry, Banastre 


Street, Liverpool 


. Knowles, Thomas R................... Old Park Terrace, Wednesbury. 


.Lang, W. Veysey 
.Larmuth Luke H., Junr. ........... 


.. Law, William M. ..................... 
..Le Mesurier, Wm. Henry 


.Lyster, Antony George, 


T Engineer's Department, Douglas 


Electric Tramways Company, 
1, Strathallan Crescent, Doug- 
las, I.O. M. 


no E SAM 8, Bellevue Terrace, North Shields 


.48, Fitzwarren Street, Pendleton, 
Manchester 
20, Wendover Avenue, Liverpool 


М. Inst: С.Е. ..................... Dock Yard, Liverpool 
.Legg, W. A., M. Inst. С.Е........... South Africa 
.Lewis, Thomas ....................... 431, Stanley Road, Bootle 
.Liardet, W. H........................ 10, Gambier Terrace, Liverpool 
. Lister, A. Hamilton .................. Basil Grange, West Derby 
.Lipscomb, Н. М. ............. ПОТЕ Locomotive Department, Midland 


Railway, Liverpool 


M. Inst. С.К......................... Engineer-in-Chief, Dock Yard, 


.Mackenzie, James, M.I.N.A. 


.Macmuldrow, W. С. P. ............ c/o 


Liverpool 


T c/o Messrs. David Rollo & Sons, 


Fulton Engine Works, L'pool, №. 
Mrs. Cameron, Glenluce, 
Seapoint, Cape Town, S.A. 


.Maffiola, Н. Р. .............. "m 21, Wellington Street, Waterloo 


.Maginnis, Arthur J., 
M. Inst. C.E., M.I.N.A., 


M. I. Mars Юн 28, Chapel Street, Liverpool 


Past President —1895-96. 


9*92506202009090990606090929960€22909* 


.Marsden, George Ellis 


24, Oakdale Road, Waterloo 


....15, Gwendoline Street, Liverpool 


.Messrs. McCulloch & Co., 
Garston 


bo 


1. 


1. 


DATE OF ELECTION. 
31st Mar., 
27th Nov., 


99nd Mar., 1893.. 
8th Nov., 1893.. 


Sth Nov., 


Sth Nov., 1893.. 
9th Apl., 1879.. 


Ist Dec., 


7th Nov., 1 


15th Nov., 


21st Mar., 1900.. 
2]st Mar., 1900... 
1900.. 
1889.. 


21st Mar., 
16th Oct., 


llth Nov., 


10th Jan., 1900.. 
25th Apl., 1900.. 
llth Nov., 1896.. 


13th Nov., 1895... 
22nd Nov., 1882.. 


llth Nov., 1896.. 


2lst Mar., 1900... 
2lst Mar., 1900.. 
l4th Apl., 1897. 


4th Apl., 


4th Apl., 


1897.. 
1895.. 


1882.. 


1897.. 


894.. 


1899.. 
16th Nov., 1898.. 


.Mulliner, E. B. 
.Musker, Arthur, 


1896.. 


.Naftel, Percy H. 
.Nares, William G. 


.Norrie, William 
..Oglethorpe, W. A., М.Г. М.А. 


25th Nov., 1896.. 


1900.. 
5th Dec., 1877... 


.Page, James B. 


1894... 


XXVI. 


NAME. 
.MeConnan, Chas. Stodart 
.Melvor, W.T. 


sse. cores 


ооо ооо ооо ооо. ее» 


.Miller, Thomas L., 
M.Inst. C. E., M.I. E.E., 
Member of Council. 


.Mills, Frank, Assoc. M. Inst. C. E., 


(Life Member.) 


Past President—1885. 
.Molyneux, Thomas .................. 


.Morison, D. B., M.I. Mech. E., 
M.L N. A. 


зоо оо хоро хо оэ» э о е зо ® ө е о өө э 


„Morris, ЕЁ. А............................ 


.Moulding, Thos., 
Assoc. M. Inst. C. E. 


“е ......ш. 


.Muir, John В. M. ..................... 


Muir, William 


4%%4%%4...шееөеөөәөе ө ө о ө ө о 


.%%%%0е ее еее еее өзшшее. 


Assoc. M. Inst. С.Е., 
M. I. Mech. Е. ..................... 


Vice- President. 


.Musker, Charles, 


ADDRESS. 
305, Edge Lane, Liverpool 
215 to 9221, Cleveland Street, 


Birkenhead 

.Millar, Thomas ........ ЖОМ НЕ Walker Shipyard, Newcastle-on- 
Tyne 

Miller, Henry ........................... Borough Engineer's Office, Black- 
burn 


7, Tower Buildings N., Water 
Street, Liverpool 
Red Hill, Beaumaris, Anglesey 


.Mills, William Е. ..................... 49, Hamilton Square, Birkenhead 
Member of Council. 


11, Langham Avenue, Sefton Park, 
Liverpool 


Messrs. T. Richardson & Sons, 
Engine Works, Hartlepool 
Water Engineer's Office, Liverpool 


Public Offices, Egremont, Cheshire 
Messrs. H. & C. Grayson, Ltd., 
179, Regent Road, Liverpool 
Liv erpool Fire Salvage Association, 
16, Hatton Garden, Liverpool 
17, Вагпага Road, Claughton, 

Birkenhead 


Simms Road, Tuebrook, Liverpool 


Assoc. M. Inst. C. E............... Simms Road, Tuebrook, Liverpool 


.Neville, John U. 


CC ee ео е 


ооо ооо ооо ово оо соо ово 


Newall, James 


.Newell, Thos. M., 
Assoc. М. Inst. С.Е. ............ 


. Nicholson, James N................... 
Nisbett, G. H., M. Inst. E. E. 


Oliphant, Әатев........................ 


Pain, Coard S., Assoc. Inst. C. E., 


... Engineer's 


E casks 6, Hertford Drive, Liscard, Cheshire 
RR 7, Howbeck Road, Oxton, B’ head 


Oriel Chambers, 
Liverpool 
Messrs. J. Crosfield & Son, 

Warrington 


Water Street, 


Engineer, North Eastern Railway 
Company, Dock Office, Hull 
c/o J. T. Wood, Esq., 3, Cook 

Street, Liverpool 


...Ashfield, Huyton, Liverpool 


47, Prescot Street, Liverpool 
Office, Dock Yard, 
Liverpool 


11, Woodbine Grove, West Derby 
Road, Liverpool 


ЕЕРЕЕ 20, Roxburgh Avenue, Aigburth 


14, North John Street, Liverpool 


Past President —1886. Hon. Treasurer. 


Parkin, John H., 


Assoc. M. Inst. С.Е. ............ Corporation Waterworks, Gorpley 


Reservoir, Todmorden 


DATE OF ELECTION. 


25th Apl., 1900.. 
95th Jan., 1899.. 


1. 28th Feb., 1877.. 


13th Nov., 1895.. 


9th Nov., 1892.. 
4th Apl., 1900.. 
1. 9th Mar., 1887. 


2nd Mar., 1898. 
3. 98th Feb., 1877.. 
25th Jan., 1899. 
25th Apl., 1900.. 


16th Mar., 1881.. 


92nd Feb., 1899... 
1. Ist Dec., 1886. 


3rd Mar., 1897.. 
llth Dec., 1889... 
4th Apl., 1900.. 
20th Oct., 1886.. 


1.0. 1st Dec., 1897.. 
6th Dec., 1893.. 


lith Nov., 1896.. 


23rd Jan., 1889... 
6th Apl., 1892.. 
24th Jan., 1900.. 


7th Nov., 1894.. 


24th Oct., 1894.. 
l. Ist Dec., 1897. 


25th Nov., 1896.. 
5. 9156 June, 1876.. 


].W. 5th Dec., 1894.. 


xxvil. 


NAME. ADDRESS. 
.Paterson, T. O., M. Inst. C. E. ...... 26, Grosvenor Road, Claughton, 
Birkenhead 
Phillips, William ..................... District Superintendent, Loco. 


and Carriage Depot, Gt. W. 
Railway, Chester 
.Pilkington, O. S., 


Assoc. M. Inst. C. E............... Bryn Cregin, Deganwy, Llandudno 
Life Member. 

Filling; S. Waco seen d “Тһе Hagg,” Mirfield, Yorks; 
and Queen's Chambers, Man- 
chester 

.Platt, S. S., М. Inst. С.Е. ......... Borough Engineer, Rochdale 

.Pocklington, Fred. A. ............ .. Freshfield, Nr. Liverpool 


..Pooley, Henry, Jun. .................. Albion Foundry, Harecastle 
Junction, Stoke-on-Trent 

Я Е Ве 29, Manchester Street, Liverpool 

.Potts, John J., Assoc. М. Inst. C. E., Pier Office, Southport 

..Preece, Frank Н. ..................... 188, Grove Street, Liverpool 

.Ргісе, E. A. Shirley.................. Albert Chambers, Albert Square, 
Manchester 


.Price, Joseph, 
Assoc. M. Inst. C.E., 
M. I. and S Inst. ............. 125, Bunhill Row, London, E.C. 
Price, William Е. ..................... Callenders Cable Co., Oldham 
Street, Liverpool 


..Priest, Frank E., 


М. Inst. C. Юн es 13, Harrington Street, Liverpool 
Member of Council. 
.Pritchard, P. M. .................... 87, Allington Street, St. Michael's, 
Liverpool 
Radley, Edward Y., B.A............ New Oxford and Cambridge Club, 


65, Pall Mall, London, S.W. 


.Вапзоте, С. Е. ........................ Penlee, 8, Litherland Park, Lither- 


land, Nr. Liverpool 
. Rathbone, А. L., Stud. Inst. C. E., Greenbank, Liverpool 
(Life Member.) 


.Reade, M. Treleavan ............... 2, South John Street, Liverpool 

.Reeves, Wilfred ........................ Mayfield, 20, Alexandra Ва. 5., 
Whalley Range, Manchester 

.Retallack, Nicolls ..................... “Тһе Laurels,” Smethwick, 
Birmingham 

Richardson, R........................... 82, Devonshire Road, Liverpool 

.Roberts, К. О. Wynne............... City Engineer, Cape Town, S.A. 

.Robinson, Alex. H. ............ РТ Hawthorne House, Oak Hill Park, 
Liverpool 

.Robinson, J. P. ........................ Springfield Iron Works, Salford, 
Manchester 

.Robinson, W. Н. ..................... 

..Rogers, Hugh .......................... Engineer's Office, Dock Yard, 
Liverpool 

. Roscoe, P. H........................... 10, Kelvin Grove, Liverpool 


. Ross, Alexander, M. Inst. C. E... Engineer's Office, Great Northern 
Past President —1880. Railway, King's Cross, London 


.Rowland, William, Wh. Se. ...... Messrs. Beyer, Peacock & Co., Ltd., 
Gorton Foundry, Manchester 


8. 


m t9 


DATE OF ELECTION. 


19th Nov., 1890.. 


30th Oct., 1889. 
13th Nov., 1889. 
27th Sept., 1880.. 


9th Nov., 1892.. 
7th Nov., 1894.. 


21st Feb., 1900.. 
30th Oct., 1889.. 


17th Nov., 1897.. 
3rd Nov., 1886.. 
5th Oct., 1887.. 


9th Mar., 1892.. 


xxviii. 


NAME. ADDRESS. 

.Rowlandson, C. A...................... Engineer's Office, M. S. and L. 
Railway, London Road Station, 
Manchester 

.. Rowlandson, ХҮ......................... 140, Boundary Street, Liverpool 

.. Royston, Ernest К..................... 15, Water Street, Liverpool 

.Rubery, John Т........................ Victoria Ironworks,  Darlaston, 
Staffordshire 

.Russell, Н. Е............................ Vine House, Neston, Cheshire 

.Rutherford, A., M.I.N.A. ......... Neptune Works, Bridge Street, 
Birkenhead 

. Rutherford, W. ........................ Messrs. Dick Kerr and Co., 110, 

Cannon Street, London, E.C. 
Sadler, John M. ........................ Maghull, near Liverpool 
25th Sept., 1878| Salmon, Frank B., | 
17th Nov., 1897] М.І. and S. Inst. .................. African Chambers, Oldhall Street, 
Past President —1882. Liverpool 

Salmon, Harry ........................ Stranton Works, West Hartlepool 

maner PP. CM Weaver Navigation, Northwich 

Sang, Walter ........................... 8, Brompton Avenue, Sefton Park, 
Liverpool 

.Saunders, S. Н. ........................ 14, Woodland Road, Dacre Hill, 
Rock Ferry 


21st Feb., 1900. 
13th Nov., 1895. 
10th Jan., 1900.. 


15th Jan., 1890.. 
12th Mar., 1884.. 


ith Nov., 1894.. 
15th Nov., 1899. 


13th Dec., 1899. 


21st Feb., 1900.. 


23га Nov., 1892.. 
29th Oct., 1890.. 


98th Mar., 1883.. 


7th Nov., 1894. 


21st Mar., 1900. 
16th Jan., 1884.. 
25th Jan., 1888.. 


10th Nov., 1875. 


..Sehultz, Charles S. 


..Sheppard, Ernest M. 
..Shield, Henry, M. Inst. С.Е. ...Messrs. Fawcett, Preston & Co., 


.Smith, Aston W. 


—— — Messrs. Dick Kerr and Co., 110, 
Cannon Street, London, E.C. 


.. Scott, Wm. G., M. Inst. C. E....... Cheshire Lines Railway, Central 
Sharp, John 


Station, Liverpool 


M.I. Mech. E., M.I. & S. Inst. .. Bolton Iron and Steel Company, 
Limited, Bolton 


Sharrock, C. ХҰ......................... The Linthurst, Montalt Road, 


Woodford Green, London, N. E. 


Shawcross, Н. J., B.E. Queen's 


University, Ireland............... Water Engineer's Office, Liverpool 
Shaw, С. Livingston.................. South Africa 


E City Engineer's Office, Liverpool 


York Street, Liverpool 


Short, Professor Sidney Н. ......... Messrs. Dick Kerr and Co., 110, 
Cannon Street, London, E.C. 

Shubrook, Henry W. L. ............ 13, Castle Street, Liverpool 

.Silver, E. H............. E Messrs. J. C. Etchells & Co., 


34, Lever Street, Piccadilly, 
Manchester 
.Sinclair, John S. 


Assoc. M. Inst. C. E................ Surveyors Office, Town Hall, 
Widnes 
.Sloan, Robert A., Wh. Sc., 
Mech. E. ..................... 34, Castle Street, Liverpool 
Smith А. Оа Е 88, St, Paul's Road, Seacombe 


RE NA Gadley, Buxton 


Smith, J. Reney, М.І. Mech. E...Messrs. Н. & C. Grayson, Ltd., 
Member of Council. 179, Regent Road, Liverpool 


„Squire, W. W., M. Inst. C.E...... Bristol Docks, Engineer's Office, 


Cumberland Basin, Bristol 


DATE OF ELECTION. 


4th Nov., 1885.. 
15th Nov., 1899.. 


16th Nov., 
12th Jan., 


9th Dec., 1 


13th Apl., 


25th Feb., 1880.. 


26th Feb., 1890.. 
13th Dec., 1899.. 


7th Mar., 


4th Apl., 1900.. 
26th Oct., 1892.. 


7th Mar., 1900.. 
2lst Mar., 1900.. 
30th Nov., 1898.. 


Sth Mar., 


7th May, 1890.. 


22nd Jan., 1896.. 
llth Dec., 1895... 


25th Apl., 


24th Jan., 1900.. 
11% Dec., 1895.. 
3rd Mar., 1897.. 


.Stead, E. G., Assoc. R.I.B.A. 
„Stead, Edward J. .................. - 
1898.. 
1887.. 


896.. 
6th Mar., 1895...Stott, Thomas В. 
1898. 
llth Nov., 1896.. 
Ith Feb., 1891.. 


23rd Nov., 1892.. 


..Strongitharm, H. H. 


Sutcliffe, Fielden 


.Taylor, E. Sydney 


1900...Taylor, James, M. Iust. E.E. 


. Thompson, Е. G. 
. Thompson, Н. Ellis 
. Thomson, G. Carruthers 


1893... Tickle, John J. 


1877.. 


XXIX. 
NAME. 


.Stenning, Henry Alexander......... 


.Stephenson, E. Р., 


Assoc. M. Inst. C. E. 
.Stewart, Williain 


реооза ов ооо осо соевое» 


зоо ооо ове ооо ооо 


.Tapscott, В. L., 
Assoc. M. Inst. C. E. 


.Тауіог, А. Lester 


.“ә...ее%»!%. 


-.ез4.ш.-..етвееееевз 


.Taylor, J. Reginald, 


Stud. Inst. C. E. 


“ее ...:ш-... o e. 


.Terry, Stephen H., M. Inst. C.E., 
h. 


M.I. Mec 


ооо то ото ото оо ооо 
ооо оо фо воров В 
эзооо фе о в ово ров эе е 


зоофо с осо хо» 


.Timmins, Arthur, 


Assoc. M. Inst. C. E. 


ооооовоеоева з 


‚Ттауегв, W. H........................ 


Tritton, Seymour B., M.I.N.A., 


“...-в-өеезееевеее 


ADDRESS. 


.Werneth Chambers, 29, Princess 
Street, Manchester 

Bridgemaster’s Department, 
County Offices, Preston 

The Union Ironworks, Carnarvon, 
N. Wales 


Pr Surveyor's Office, District Council 


Offices, Llandudno 

Messrs. Geo. Hepburn & Son, 
Redcross B'dings, Redcross St. 

**'The Laurels,” New Ferry Park, 
New Ferry 

14, Cook Street, Liverpool 


.Stroudley, Fred. W................... London, Brighton and South Coast 
Railway, Brighton 
.Sumner, Thomas С..................... Victoria Iron Works, Victoria 


Road, Liverpool 


быны cee lene EN York Lodge, Crosby Road South, 


Seaforth 
62, Croxteth Road, Liverpool 


ORAE ene: Lane Villa, Cheetham Hill, 


Manchester 
Sandycroft Foundry, Hawarden, 
Flintshire 


... Heathercliffe, Helsby, Near 


Warrington 


.Haygarth House, Chester 


17, Victoria Street, Westminster, 
London, S. W. 

H. & C. Grayson, Ltd., Regent 
Road, Liverpool 

15, Falcon Road, Birkenhead 


4, The Green, Bromborough Pool, 
near Birkenhead 


—€—— M Claughton Chambers, Hardshaw 


Street, St. Helens 


Argyll Lodge, Runcorn 


Engineers Department, Public 
Offices, Egremont, Cheshire 


M. Just. C. Bii oe ео c/o Sir А. M. Rendel, K.C.I. E., 


.Tudsbery, J. Н. T., 
D. Sc., M. Inst. С.Е. ............ 


‘Turton, ol mE 
.Urquhart, Б..)......................... 


8, Gt. George St., Westminster, 
S. W. 


Institution of Civil Engineers, 
25, Great George Street, West- 
minster, London, S.W. 

Deputy Surveyor, Municipal 
Offices, Liverpool 

12, Gardner Road, Tuebrook, 
Liverpool 


.Vawser, Charles........................ St. John's, West Kirby 


DATE OF ELECTION. 


25th Jan., 1899.. 


20th Oct., 1886.. 
26th Feb., 1890.. 
26th Apl.. 1899.. 


27th Jan., 1886.. 


21st Mar., 1900.. 
3rd Nov., 1886.. 
25th Nov., 1896.. 
llth Dec., 1889.. 


8th Nov., 1893... 
7th Dec., 1881.. 


18th Feb., 1891. 


25th Nov., 1896.. 
25th Feb., 1885.. 


Sth Nov., 1893.. 
7th Mar., 1900.. 
4th Mar., 1891.. 
llth Nov., 1896 . 


15th Nov., 1899... 
17th Nov., 1897.. 
14th Dec., 1898.. 

8th Feb., 1899.. 


19th Oct., 1887.. 


26th Apl., 1899.. 
24th Jan., 1900... 


7th Nov., 1894.. 


14th Apl., 1897.. 
4th Apl., 1900... 
13th Nov., 1895... 


24th Apl., 1878... Willink, Wilhem, 


3rd Feb., 1897. 
30th Nov., 1898.. 


.Weatherilt, Arthur 


.Williams, E. Lloyd 


.. Wilson, John 
. Wilson, Henry B. ..................... 


ххх. 


МАМЕ. 
. Vicars, Thomas 


.Vickess, Samuel, Jun. .............. 


ADDRESR. 


Шыдай de uei 6, York Avenue, Sefton Park, 


Liverpool 
.54, Falkner Street, Liverpool 


.Von Sobbe, Е. А. ..................... 3, Belvidere Road, Liverpool 


.Wade, J. Arthur 


*25058223232065066€96009609s09€ 


African Chambers, 
Street, Liverpeol 


19, Oldhall 


.Wakem, Peter Н. ..................... 6, Prescot Drive, Newsham Park, 


.Warburton, W. Н. .................. 
.Ward, E. T., Assoc. M. Inst. C. E., 


.Watson, В. W. ...................... 


ооо фо во озо ооо э 


Webb, Walter Н. ..................... 


. Webster, John J., M. Inst. C. E... 


Past President —1887. 


.West, Charles Н. ..................... 


.West, Henry H., M. Inst. C.E., 
M.I.N.A., М.І. Mech. E. ..... 


Liverpool 
166, Longmoor Lane, Aintree 


Hillside, Beech Road, North wich 
30, Devonshire Road, Liverpool 


Knowsley View,24, Denton'sGreen 
Lane, St. Helens 


North Cliff, Egremont, Cheshire 
39, Victoria Street, Westminster, 
S.W. 


a Wels Мо EE Res London Hydraulic Power Co., 


Palace Chambers, 9, Bridge 
Street, Westminster, S. W. 
5, Castle Street, Liverpool 


.British and Foreign Chambers, 
5, Castle Street, Liverpool 


Past President —1889-90. Member of Council. 


.Westharne, Henry С. ............... 
.Whalley, Alfred, M. Inst. Е.Е.... 


.Whalley, Henry 8..................... 
. Wheeler, Percy 


ооо» аегеевгеоееввегеееге 


Wheelton, S. .)......................... 
. White, Joseph Walwyn ............ 
. Whittaker, Е. W...................... 


.Wignall, John B., 
Assoc. M. Inst. C. E. 


төзеегееегеее 


.Wilcox, E. S., M. Inst. С.Е....... 


Vice- President. 
.Wilding, Јатев........................ 


Wilkie, James B. ..................... 


.Williams, W. Н. ..................... 
Williamson, Gordon 


.ғ....ш.ш:шеш .. 


Williamson, James 


. 4. в ечевевгвеввевеее 


Assoc. M. Inst. C. E............... 


4....!%..в%4. “4 еө»ө 


4, Kimberley Street, Liverpool 

Ashville, Helsby, Near Warrington 

3, Hunter Street, Chester 

Oldbury Railway Carriage Coin- 
pany, Birmingham 

City Engineer's Office, Liverpool 

Old Public Hall, Widnes. 

Dock Yard, Coburg Dock, L’pool 


City Engineer's Office, Dale Street, 
Liverpool 
The Bents, New Brighton 


Surveyor's Office, Town Hall, 
Runcorn 

British & AfricanSteam Navigation 
Company, African House, Water 
Street, Liverpool 

Esless Cottage, Bersham, 
Wrexham 


5, St. Mary's Terrace, Waterloo 


Engineer's Offices, Cambrian Rail- 
way Co., Oswestry 


35, Copthall Avenue, London Wall, 
London, E.C. 
207, Upper Parliament St., L'pool 


Park View, Appleton, Widnes 


хххі. 


DATE OF ELECTION. NAME. ADDRESS. 
28th Jan., 1880... Window, Edmund R., 
Assoc. M. Inst. C. E. ............ 33, Laburnum Road, Fairfield, 

Liverpool 

13th Nov., 1895... Wood, Herbert ..................... ...474, New Chester Road, Rock 
Ferry 

13th Feb., 1878 | Wood, John Thomas, 

92nd Oct., 1884 M. Inst. C. E..................... Halewood, near Liverpool 


Past President —1891-99. Member of Council. 
25th Apl., 1900... Wood, William Brownbill, ...... The Court, Halewood, Nr. L'pool 


llth Jan., 1893... Woods, Arthur В. T., M. I. N. A....c/o Messrs. Nelson & Co., Central 
Buildings, North John Street, 
Liverpool 

llth Dec., 1895... Woods, Walter F...................... Highfield House, Crosby 

12th Jan., 1887... Woodall, Corbet, M. Inst. C. E....Palace Chambers, Bridge Street, 
Westminster, S. W. 

4th Apl., 1900... Woollright, Percy ..................... Elm Lea, Linnet Lane, Liverpool 


7th Feb., 1900... Wright, Robert ........... TE Messrs. Thomas Downie & Co., 
Toxteth Engine Works, Caryl 
Street, Liverpool 
21st Feb., 1900... Wright, W. Ryle ........... €— Borough Electrical Engineer, 
Town Hall, Bootle. 
22nd Feb., 1899... Yates, Е. Spencer, 
Assoc. M. Inst. С.Е. ............ Town Hall, Waterloo, Nr. L'pool 


4. 10th Nov., 1875... Yeatman, Morgan E., 


1. 
1. 


М.А. Cantab., 
M. American S.C. E., ............ Messrs. S. Pearson & Son, Ltd., 
Past President — 1879. 10, Victoria Street, S. W. 


24th May, 1876... Yerburgh, J. E., Assoc. Inst. C. E. 21, Queen Anne's Gate, West- 
minster, London, S. W. 
17th Feb., 1897... Young, J. Denholm, Wh. Sc., 
M.I.N.A., М.І Mar. E. ............ 2a, Tower Chambers, Liverpool 
14th Jan., 1880...Ziffer, Fredk. Непгу.................. 
(Life Member. ) 


416 Total Number of Members 


—— 


xxxii. 


NorE.—Figures prefixed to a name indicate the number of papers contributed 
and published in the yearly ** Transactions." 


W. prefixed to a name indicates the award of a ** West Premium." 


D. 
5. 


DATE OF ELECTION. 


13th Dec., 1899.. 
6th Apl., 1892.. 


30th Nov., 1898. 


21st Mar., 1900. 


9186 Mar., 1900.. 
25th Jan., 1899. 


2nd Mar., 1898. 
6th Jan., 1897.. 
llth Nov., 1891.. 


10th Jan., 1900.. 


llth Nov., 1896. 
10th May, 1893.. 


10th Jan., 1900. 
llth Nov., 1896.. 


llth Nov., 1896. 
13th Dec., 1899.. 


16th Nov., 1898... 
30th Oct., 1895. 
13th Dec., 1899. 


16th Nov., 1898. 
4th Apl., 1900.. 
13th Dec., 1899.. 


2ist Mar., 1900.. 
llth Nov., 1896. 


7th Feb., 1900.. 
4th Apl., 1900.. 


..Агпізоп, В. Frank 
. Atherton, J. B. ........................ 


.. Barrow, Richard 


..Hughes, Robert John 


. Littler, Henry 


.Low, John 
.Macaulay, John 


n " " 


" n и 


“Derby Gold Medal." 
**Society's Premium.” 


ASSOCIATES. 


NAME. 


.Alcock, Charles 


ооо ооо ооо ооо ов ооо ооо 


ADDRERS. 


Royal Insurance Company, 
1, North John Street, Liverpool 


.Annett, R. C. F., Assoc. Inst. C. E.,4, Buckingham Avenue, Sefton 


Honorary Secretary. 


ооо чо хо тов ое е 


Park, Liverpool 
16, Highman Crescent, Sheffield 


British Insulated Wire Company, 
Prescot, Lancashire 


.Banner, J. S. Harmood..... ......... Ashfield Hall, Neston, Cheshire 


зоо о соо ооо оо ооо оо о 


Danson; F. ioco ее 
..Dart, Richard, С.С................... 


.Docker, Frank Dudley, 
Assoc. M. Inst. C. E................ 


..Docker, Ludford C. .................. 


.Dove, John М......................... 


„Glover, J. H..................... 0... 
..Higginbottom, S. W., С.С. ...... 
4th Apl., 1900.. 


.Houlding, William 


ооововооеворцеоее е а 


“..шшөев еее ве ее 


.Jaekson, Thomas H., J.P. ......... 
Jones, Alfred L., J.P. ............... 


.Jones, Frank 


е“. ееввеееегооеезеозоевеее».. 


4.......!...ввве..". 


4.....Ш ее әеевеееее-ееееесеез 


.....%.ш!гееееөеөте- ове өө» 


Edmondson, Robert Holt............ 


6, Caroline Place, Claughton, 
Birkenhead 


..Bremner, W. Т......................... 197, Great Howard Street, L'pool 

. Burrows, Freeman..................... Bayford House, Sutton, Surrey 

.Burrows, Herbert F................... 8, India Buildings, Fenwick Street, 
Liverpool 

.Cohen, Louis 8. ........................ The Priory, St. Michael's Hamlet, 
Liverpool 

В. 3, Burlington Road, Birkdale 


Liverpool and London Chambers, 
Exchange, Liverpool 
Aigburth Drive, Liverpool 


Icknield Port Road, Birmingham 
Icknield Port Road, Birmingham 


Liverpool, London and Globe In- 
surance Co., Dale Street, L'pool 

*"l'he Holmes," Golborne, 
Lancashire 

Bank Chambers, 60, Castle Street, 
Liverpool 

African Chambers, 19, Old Hall 
Street, Liverpool 

10, Eaton Road, Cressington Park, 
Nr. Liverpool 

Chief Sanitary Inspector, Rhyl 

Manor House, Birkenhead 


Messrs. Elder Dempster & Co., 
Water Street, Liverpool 

32, Daulby Street, Liverpool 

Architect’s Dep't, The County 
Offices, Preston 

110, Shiel Road, Liverpool 


Mersey Railway Co., 18, James 
Street, Liverpool 


l. 


DATE OF ELECTION. 


4th Apl., 


]lth Dec., 
15th Nov., 


15th Nov., 1899... 
25th Jan., 1899. 
13th Nov., 1895. 
27th Nov., 1895.. 
l7th Jan., 1894.. 


17th Nov., 1897.. 
29th Nov., 1899. 


15th Nov., 


2]st Mar., 


95th Тап., 1899.. 


13th Dec., 1899. 


21st Mar., 


8th Nov., 1893.. 


4th Mar. 


llth Nov., 1896.. 


26th Apl., 


17th Mar., 1897.. 
55 Total Number of Associates 


1900...Manson, Oswald J. 


1895.. 
1899.. 


..Palethorpe, James Arthur 


1899.. 
2.W. sth Feb., 1893... 


1900.. 
25th Apl., 1900.. 
10th Jan., 1900.. 


. Radcliffe, Sir David, К.В. 
.Readdy, Arthur G., F.LS. ....... 
. Richardson, W. 


1900... 
8th Nov., 1893.. 
25th Jan., 1899. 
19th Feb., 1896... 


.Shone, J. Fowler 
Smith, Frederick 


, 1896.. 
llth Nov., 1896.. 


1899... 


31st Jan., 1894...Worrall, Ernest, M.S.I. 


xxxiii. 


NAME. 


.Maples, Cecil E. ....................... 


.Martin, Arthur ........................ 


Martin, L. W. 


.........г.1 


Pierce, Ernest W. 
Honorary Solicitor. 


созофо ее 


.Rutherford, W. Watson 


Samuel, Albert H. 


* обоев ооо ооозое 


eee. ооо ооо ое о 


. Temple, John ( Life Associate )...... Warrington Wire 


. Thomas, Walter W. .................. 
. Walker, Frank 


ееезезеееоеееовееееоеоетеее 


. Walker, William, J.P................ 


White, Herbert 


зоо оо оо оо ооо оо вое 


ADDRESS. 


—— P Water Engineer's Office, Dale 


Street, Liverpool 
.14, Cook Street, Liverpool 


National Telephone Co., 
Road, Leeds 


Park 


TEREPE MENTOR ONE 22, Sir Thomas Street, Liverpool 
.. Maxwell, M. H., Junr., ............ 


76, Canning Street, Liverpool 


..McClure, Wm. Lees, J.P. ......... Ivy Bank, Huyton 

.Nicholson, А. C., F.G.S. ............ Salop House, Oswestry 
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GENTLEMEN, —— 77 

For the honour you have done me in electing me your 
President for the present Session I beg to tender you my sincere 
thanks, and in undertaking the responsibilities of the office I venture 
to rely on the consideration and assistance of all members of the 
Society. 

The first official duty of a President is to deliver an address, which, 
it is customary, should deal with the march of progress in that branch 
of our profession with which he may be most intimately connected. 

The present Session being the last complete Session of the 
nineteenth century is a specially appropriate period for retrospection. 

In the charter of the parent Institution, the profession of an 
engineer is most happily described as “the art of directing the great 
“sources of power in nature for the use and convenience of man." 

Тһе present century has been more particularly distinguished for 
the discovery and development of inventions for the transmission of 
power in the form of electrical energy, and its distribution for 
mechanical and other purposes. 
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Engineers trouble themselves but little to-day as to what electricity 
may be, their energies being more usefully employed in dealing with 
what it can do ; but they owe a debt of gratitude to those students of 
Physics who have so successfully explored that fairyland of science 
connected with matters electrical, and whose discoveries Engineers 
are busily applying to the convenience and comfort of mankind. 


ELECTRICITY IN DOMESTIC SERVICE. 


The services performed by electricity now occupy an important 
place in the routine of daily life. In the early morning the tinkle of 
the electric bell announces the arrival of the morning paper, in which, 
by the agency of electricity, the news of the whole world has been 
collected ; and electricity not only collects the news, but also provides 
the power for driving the printing press. 

Electrical energy can grind the coffee and boil the water and cook 
the food for breakfast and light the matutinal cigar. 

The electric car transports smoothly and rapidly from the home to 
the place of business where the electric lift replaces the tedious 
staircase. 

The telephone completes in an hour business otherwise requiring 
days to transact, and the phonograph unerringly records any desired 
communication. 

The electric light and the electric ventilator render life more healthy 
and comfortable not only in the home and the office, but also in places 
of amusement, where electricity plays an important part in scenic 
effect. 

In such ways, from morning to night, electricity performs useful and 
economical social service. 


ELECTRICITY IN THE HOSPITAL. 


The Physician and Surgeon find electricity can afford them 
assistance of a most valuable character; internal examinations, 
previously impossible, now present no difficulty. Тһе Rontgen Rays 
give invaluable aid in locating injuries with a rapidity and certainty 
otherwise unattainable. 

A valuable discovery has recently been made by an American 
physician, who has found that when an alternating or pulsating current 
of a frequency of not less than 5000 periods per second is made to 
traverse a nerve, all sensory communication by the nerve is stopped, 
and anaesthesia produced. It is obvious that the development of this 
discovery may be of the very greatest importance. Тһе possibility of 
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supplementing deficient senses of sight or hearing by means of 
electricity affords ground for experiment. 


ELECTRIC INTERCOMMUNICATION. 


Telephonic improvements have made conversation possible at 
distances perfectly marvellous when the minute quantity of energy 
expended is considered. 

The fact that in the United Kingdom alone some 200, 000 
telephones are in daily use, affords evidence of the value of this 
aid to rapid commercial and social intercourse. 

In spite of the wonderful development of telephonic communication 
the telegraph service still holds its own, and in no branch of electrical 
work has the patience and perseverance of the inventor produced a 
more brilliant record. 

More than sixty years ago, when the first electric telegraph line was 
constructed in London (and it is interesting to remember that it was 
constructed with wires buried in the ground), five separate conductors 
and indicating needles at each end of the line were used to transmit 
the signals necessary to represent the alphabet. To-day a single wire 
not only suffices for the intercommunication, but thanks to the 
ingenuity that has brought to perfection the modern telegraph instru- 
ments, it is possible to send along a single wire several messages at the 
same time and in each direction. 

Other ingenious contrivances print the message as it is received in 
plain type, or, if desired, reproduce in facsimile the handwriting of the 
sender. 

By a recent invention, in which a telephone disc with a mirror 
attached to it is used as the receiver and the movement of a beam of 
light projected on the mirror is recorded by photography, it has been 
found possible to tránsmit as many as 1500 words in one minute. 

Nearly a hundred million messages pass annually over the telegraph 
lines of this country. 

One of the most interesting branches of electric intercommunication 
is that which has lately attracted a large amount of public attention 
under the title of Wireless Telegraphy. 

When electricity passes along a conductor there are not only 
indications of its passage in the conductor itself, but in the space 
surrounding the conductor, and users of the telephone have this fact 
brought unpleasantly to their notice by the disturbance caused by 
neighbouring wires carrying intermittent or varying currents of 
electricity for telegraphic or power purposes. This disturbance has 
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been usefully applied in tracing faults in underground mains for the 
distribution of electrical energy in the following way. 

When the instruments at the generating station show a leakage to 
earth to exist in any main (a fault usually caused by damage 
accidentally done by one of the numerous bands of workers who seem 
to be continuously employed in breaking up the roadways of all large 
cities), an intermittent current of electricity is sent through the main in 
such а way as to leave the conductor at the faulty place and 
find its way back to the station through the earth. А movable 
conductor, consisting of a coil of wire wound round an iron core, is then 
carried from the station along the road in which the faulty main is laid, 
and so long as the path traversed is over the portion of the cable 
between the station and the fault, the effect of the intermittent current 
passing through the main can be heard in a telephone connectedto the 
movable search coil, and as the intermittent current only traverses the 
portion of the main which lies between the station and the fault, the 
exact position of the latter is readily ascertained without the necessity 
of digging up the main, which would otherwise be the only way of 
locating the damage. | 

Advantage has also been taken of this property of the electric 
current traversing a conductor to transmit signals from a wire suspended 
on poles on one side of a river or estuary to a similar wire suspended 
on the other side, and communication has been effected over distances 
of several miles in this way. 

Recent discoveries have shown that by suitably varying the electrical 
impulses to which the transmitting wire is subjected, and by inserting 
in the receiving circuit apparatus of the necessary sensitiveness, it is 
possible to deal with considerable distances At the recent meeting 
of the British Association, messages were sent without difficulty across 
the English Channel from Dover to Boulogne, the wires used for the 
purpose being suspended vertically. "There seems good reason to 
anticipate yet more important developments of this valuable invention, 
which at the outset has at any rate solved the difficult problem of 
communication between lighthouses and lightships and the mainland. 


ELECTRIC ILLUMINATION. 


The application of electricity to lighting is comparatively a modern 
one. It 15 true that Sir Humphry Davy, as far back as the year 1810, 
exhibited at the Royal Institution, in London, an electric light 
produced bv means of two pieces of carbon and a galvanic battery, but 
fifty years elapsed before the development of the magneto-electric 
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generator enabled the arc light to be put to practical use in the South 
Foreland and other lighthouses. 

Twenty years later, Edison and Swan, working independently, pro- 
duced the first incandescent electric lamps giving light by the heating 
of a fine carbon filament in a glass globe from which the air had been 
exhausted. 

It soon became obvious that if the new method of illumination was 
to compete with gas, eleetricity would have to to be supplied from 
central works on a similar basis to the gas supply. 

In the year 1882 pioneer stations for the purpose were established 
by limited companies in Eastbourne and Hastings, and in the year 
1883 in Liverpool. The Electric Lighting Act of 1882 checked the 
flow of capital into the new enterprise, till Parliament, in 1888, amended. 
the conditions imposed on electrical undertakers. 

Of late years the progress of electric lighting has been very rapid, 
and the price, which was once regarded as prohibitory, is now so far 
reduced as to compete with gas on equal terms. At the present time, 
in this country, electric supply works are in operation in 98 towns, 
98 ofthese undertakings being in the hands of companies and 60 
being owned by local authorities. The total number of lights 
connected to the mains 15 approximately equivalent to five million 
lamps of eight candle-power each. In other words, the electric lamps 
in use in England this evening would be sufficient, if placed 10 yards 
apart, to form a girdle of light round the whole world. 

The power of the plant employed is nearly 250,000 horse power and 
the capital expenditure exceeds twelve million pounds. 

The electric lighting of steamships has added greatly to the comfort 
of ocean travel. Тһе enterprise of Liverpool shipowners did much to 
expedite the adoption of this valuable improvement, and the 
important initiatory work in this branch of electrical engineering so 
successfully carried out in this Port by Mr. J. S. Raworth should not 
be forgotten. 

'The modern dynamo is a very efficient machine, transforming into 
electrical energy over 90 per cent. of the mechanical energy imparted 
to it by the steam engine or other prime motor. 

It is consequently evident that but trifling increase in efficiency 15 
possible in the apparatus at present used for producing electricity for 
lighting purposes. 

At the same time but a very small percentage of the energy 
contained in the fuel consumed in the boiler is present in the light 
produced in the electric lamp, and there are enormous possibilities in 
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economy could anyone discover a means of transforming the heat 
energy in the fuel into light energy in the lamp without the intervention 
of the boiler and engine. 


TRANSMISSION OF POWER. 


Electricity not only affords the means of dividing up the power 
furnished by a prime motor, such as a steam engine in a factory, and 
its application by means of subsidiary motors connected to the 
machines carrying out the various processes of manufacture, but has 
also made possible the transmission of energy over distances unattain- 
able by any other means. 

This mode of transmission is of great value for the transfer of 
energy from such natural sources of power as rivers and waterfalls, 
often situated at long distances from the points at which the energy 
can be advantageously employed. 

The saving effected by electrical transmission as compared with 
transmission by shafting and belts is so great that all modern factories 
are as a matter of course equipped in this way. 

Year by year users of power, especially when of an intermittent or 
varying character, are finding it more and more to their interest to 
give up isolated steam or gas-engines, and to take their power from 
the public electric supply systems now in operation. 

The distribution of power locally over short distances, such as two 
or three miles, presents no serious engineering difficulty, as the 
electrical energy can be generated and distributed in the same form 
and at the same pressure at which it can be utilised. In dealing with 
greater distances it is necessary to use higher pressures. 

Direct current transmission cannot be conveniently employed for 
pressures greater than 2000 to 3000 volts, and generally, when the low- 
pressure limit of 500 volts does not suffice for any given transmission, 
it is better to adopt at once an alternating or multiphase system, and 
so take advantage of the economy in conductors which can be attained 
by the use of pressures not less than 5000 volts, which with plant of 
this type presents no serious difficulty. 

The electrical transmission of power is comparatively a recent 
invention, the practical application of which dates from some 
experiments carried out at the Vienna Exhibition in 1873. 

Eight or nine years later the exhibitions at Paris and Munich 
attracted further attention to the subject, and as an experiment one- 
horse power was transmitted over 70 miles of telegraph wire at a 
pressure of 1300 volts, the resistance of the line limiting the 
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efficiency of transmission, under these conditions, to about 20 per 
cent. 

At the Frankfort Exhibition in 1892, 200 horse power was trans- 
mitted from Lauffen, 105 miles distant, at a pressure of 40,000 volts 
on the three-phase system, with. an efficiency of 70 per cent. 

The following are a few examples of the practical application of 
high-tension electric transmission. 

The falls in the River Arno, at Tivoli, are utilised for the supply of 
electric power to Rome, for about 9000 horse power, at a pressure of 
5000 volts over a line 18 miles long. 

The fine electrical engineering works of the Oerlikon Company, 
near Zurich, derive their supply of power from the river at Hochfelden, 
14 miles distant, where three turbines, each of 200 horse power, are 
installed. "The transmission is by three-phase current at 13,000 volts 
pressure, the conductors being of bare wire carried overhead on 
ordinary telegraph poles and oil insulators. Arrived at the works the 
current is transformed to 200 volts pressure by means of transformers 
immersed in oil tanks. 

The enormous water power of the Falls of Niagara, estimated in all at 
not less than seven million horse power, is now being to a limited extent 
utilised for the generation of power for distribution over a large 
manufacturing district, extending as far as the City of Buffalo, which 
is 20 miles distant. At the Niagara power house turbines of 5000 
horse power are employed, to the vertical shaft of each of which is 
connected a large dynamo, the rate of revolution being 250 per minute. 
Alternating two-phase current is generated and distributed, at 
2000 volts pressure, to some electric railways and to various chemical 
and other manufacturing companies in the neighbourhood to a total of 
40,000 horse power. 

The Buffalo Electric Company take a supply of 10,000 horse power 
from Niagara, the pressure of transmission being 11,000 volts and motor 
generators of 600 horse power each and also rotary transformers are 
used to reduce the pressure for distribution. 

The Snoqualmie Falls, in the State of Washington, are 270 feet in 
height, and represent about 100,000 horse power; of this, 10,000 
horse power is transmitted up to distances of 45 miles, aluminium 
conductors being used instead of copper. Five water-wheels, running 
300 revolutions per minute, furnish the power, and the three-phase 
current is generated at 1,000 volts pressure and transformed up to 
29,000 volts for transmission. 

At Rheinfelden, near Basel, electrical energy is distributed on the 
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three-phase system at a pressure of 6,800 volts to a total of 3,000 
horse power to various manufactories, up to a distance of 20 miles 
from the works. In addition to this, 10,000 horse power is supplied 
to electro-chemical works situated near to the power station. 

There are many other instances of electric transmission of power 
over long distances and at high pressures both in America and 
on the Continent, and the number of such installations is rapidly 
increasing. | 

An interesting example of transmission of electrical energy in this 
country is that of the London Electric Supply Corporation, the 
current being produced at the Deptford Station of the Company, and 
transmitted to London through underground mains at a pressure of 
10,000 volts. The valuable pioneering work carried out by Mr. 
S. Z. de Ferranti 14 years ago, in connection with this undertaking, 
in the face of the greatest difficulties, has hardly met with the 
recognition that it merits, but will occupy a place of honour in the 
history of electrical engineering. 


ELECTRIC TRACTION. 


The branch of electrical engineering which is attracting the greatest 
amount of public attention at the present time is probably the 
application of electricity to mechanical traction, both on railways and 
tramways. 

When applied to railways, electric motors have special advantages 
over the steam locomotive, when the service is one necessitating 
frequent stops at short distances, it being possible to apply a motor 
to each or the majority of the axles of the vehicles composing the 
train, and so to make use of the whole of the weight to secure adhesion 
to the rails in starting. Аз electric motors can readily give double 
their rated output for short periods, an initial rate of acceleration can 
be secured which is quite unattainable with a steam locomotive. 

For traction on tramways, steam, compressed air, gas and oil motors 
have all been tried with more or less success, as a means of dispensing 
with the inconveniences and cruelties inseparable from horse traction, 
but none of these methods are able to hold their own in competition 
with electricity. Tramways using а wire rope driven by a stationary 
engine have been very successful, especially in hilly districts, where 
the weight of the descending cars can be used to counterbalance the 
ascending cars; but year by year even cable tramways are being 
replaced by electric lines. 

It is less than twenty years since the first electric locomotive was 
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constructed in America, followed in Europe by a small scale electric 
railway at the Berlin Exhibition in 1881. 

The Portrush Railway in Ireland was constructed in 1883. Тһе 
City and South London underground line was opened in 1890, and 
the Liverpool Overhead Railway in 1893. Since that date rapid 
progress has been made both at home and abroad. 

In America alone there are more than 20,000 miles of electric 
tramways, as against less than 1,000 miles of horse and cable lines. 
In Europe about 3,000 miles of track are now worked electrically. 

Electric tramway cars vary considerably in size and in design to 
meet the differences of climate and local conditions of traffic. 

In England the four-wheeled car, with top seats, constructed to carry 
from 50 to 60 passengers, seems likely to become the standard pattern. 

A car of this type is generally fitted with two motors, each capable 
of developing 25 to 30 horse power for short periods, and connected 
to the axle of the car by single reduction gearing of a ratio of about 
five to one. 

The controlling apparatus is so arranged that the electric current 
can be sent through the motors two in series at starting, a further 
movement of the controller handle throwing the motors into parallel 
when the car has attained a suitable speed. А reverse movement of 
the controller disconnects the line current, and, if continued further, 
connects the motors in parallel with a resistance, thus forming a 
powerful electric brake. 

Тһе horse power of the motors which experience has shown to be 
necessary for an electric car, is at first sight a matter of surprise when 
compared with horse traction, but it must be borne in mind that the 
weight of an ordinary electric car when loaded is double that of a 
horse car, and the speed of an electric car up a five per cent. grade is 
about four times that of a horse car, the ratio of the work required 
being, consequently, at least eight to one. 

Assuming the electric motors to develop 50 horse power in starting 
a car from rest on the above incline, a simple calculation indicates the 
nature of the strain to which unfortunate tramway horses are sub- 
jected, and shows that the universal adoption of electric traction is 
to be desired from a humane point of view as well as from that of 
comfort and convenience. 

Perhaps the most important detail of an electric tramway is the 
method in which the electrical energy is conveyed from the power 
station to the tramcar and back to the station. 

A self-contained car, carrying its own power, and so dispensing 
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either with overhead or underground conductors, has such great 
advantages that it is not surprising that large sums of money have 
been expended in experiments on accumulators. А satisfactory 
service can be maintained on this system, but not at costs which can 
compete commercially with the more direct methods. 

As the accumulators increase the weight of a car about 50 per cent., 
and as the effective energy given out by the accumulators does not 
exceed 70 per cent. of the energy necessary to charge them, the power 
‚ expended at the station is at least double that which suffices for 
direct driving. 

In Dresden, Hanover, and other towns, accumulators have been 
used to supply the power for short portions of the line where 
overhead conductors have been prohibited, the accumulators taking 
their charge from the overhead line during the other portions of the 
journey. Although the use of accumulators on the car itself is not 
commercially advantageous, accumulators form a very useful accessory 
to a power station as equalisers of the rapidly varying demand for 
power incidental to tramways. Тһе accumulators may either be 
installed at the power station itself or at other points in the system, 
the result being that engines of the average power demanded can be 
run on a practically steady load all day, the variations in demand 
being dealt with by the accumulators. 

Attempts have also been made to convey the current to the car 
motors from a main, laid underground, by means of contact blocks 
placed in the roadway in such a way as to rub against a collecting bar 
fixed under the car, magnetic switches rendering live only the 
particular contacts underneath the car at the moment. The 
mechanical difficulties incidental to the maintenance of systems of 
this class render them quite unsuitable for heavy and continuous 
traffic. 

The result is that for tramway work in busy cities, the choice is 
limited to overhead conductors or to underground conductors in a 
slotted conduit. 

The overhead conductor may be suspended from brackets or poles 
fixed at the centre or at the side of the road, or from span wires 
attached to rosettes fixed to the buildings on each side of the street, 
the latter plan being the most desirable, except for roads so wide as to 
admit of the traffic being advantageously divided by centre poles. 
With an overhead line the rails are usually used as the return circuit, 
although in some cases both the flow and return lines are run overhead, 
a separate trolley pole for each line being fixed on the car. 
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When an underground system is used, it is usual to put both the 
positive and negative conductors in the conduit, though the rails may 
be used as the return if desired. 

The slotted conduit may be constructed either under one rail or 
both rails or in the centre of the track, the latter being the strongest 
and best construction. 

The cost of rolling stock and the expenditure of power to work the 
cars is approximately the same for underground and overhead systems, 
and the cost of maintenance over a long period is probably very much 
the same. 

The cost of construction of the conduit system is from two to three 
times that of the overhead, and in many towns the nature of the 
streets is such, under the surface, through the presence of pipes and 
other obstructions, that the construction of a conduit is absolutely 
impossible. 

In the case of accidental damage the underground system is difficult 
to repair, and there is risk of serious delays from this cause. 

The overhead trolley line is simpler to construct and to repair in 
case of damage, and if substantially equipped the risk of breakage is 
reduced to a minimum. It is not, however, possible to avoid all such 
risk, or the dangers arising from telegraph or telephone wires falling 
and making contact with the charged trolley line. 

In all systems which use the rails as the return circuit, care has to 
be taken that they are bonded together in such a way as to form a 
continuous good conductor, and that the amount of current passed 
through the rails is so limited as not to produce any great variation 
of pressure between different portions of the track. Тһе Board of 
Trade regulations in England limit the difference of pressure between 
the rails nearest to and farthest from the station to seven volts. 
Experience shows that with greater pressures the current which leaves 
the rails and finds another path through adjacent gas or water pipes 
produces a most destructive result by electrolysis. 

Where the length of line or the frequency of service would 
necessitate a greater variation in pressure than that mentioned above, 
the conducting power of the rails has to be supplemented by other 
conductors laid for the purpose. 

The most economical system of tramway to construct, maintain and 
work, is, without doubt, the overhead trolley system, supplied with the 
necessary electrical energy by direct current generated and distributed 
at the standard pressure of 500 to 550 volts. 

Тһе size and cost of the conductors, however, limit the distance 
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from the power station that can be commercially served on this plan 
to from three to four miles, except, perhaps, in the case of a single 
branch of longer length, forming an unimportant fraction of a tramway 
system. 

For longer distances other means of transmission must be adopted. 
Modern practice favours the use of multiphase currents for this 
purpose; for example, three-phase generators may be used at the station, 
supplying current at from 5000 to 10,000 volts pressure, rotary trans- 
formers, or three-phase motors driving direct current generators being 
installed at points along the line to produce direct current at the 
pressure required for the motors on the cars. | 

Obviously great simplicity would be gained by the use of three- 
phase motors on the tramcars, in which case only stationary trans- 
formers would be necessary to reduce the line pressure. 

Very considerable success in this direction has been attained on 
some foreign lines, of which the following may be quoted as examples :— 

Jungfrau Mountain Ratlway.— Power transmitted from Lauterbrun- 
nen by three-phase current at 7,000 volts and pressure transformed at the 
line to 500 volts. Two overhead wires are used with two trolley poles 
on the car or locomotive for each wire, the rails acting as the third 
conductor. Тһе locomotive weighs 15 tons and is fitted with two 
motors of 125 horse power each. 

Stansstad-Engleberg Railway.—Three-phase dynamos driven by 
turbines generate the current at 750 volts pressure, which is tranformed 
up to 5250 volts for distribution, and again transformed down to 750 
volts at the line. The current is collected by two sliding contacts 
placed on the roof of the car, the rails forming the third conductor. 
The motor cars are 46 feet long, weighing unloaded 14 tons, and will 
seat 46 passengers. The front bogie carries two 35 horse power 
motors. 

Burgdorf-Thun Railway.—25 miles long ; deals with both passenger 
and goods traffic; three-phase 16,000 volt overhead transmission is 
used, and the working pressure on double trolley line with rail return 
is 790 volts; 14 transformer houses are distributed along the route. 
The line possesses six motor cars, ten trailers, two locomotives, and 67 
goods trucks. "The current is generated at the river Kander, six miles 
from the Thun terminus, with turbines each of 360 horse power 
running at 300 revolutions per minute. 

That electricity has a great future before it, as regards traction, there 
cannot to-day be any reasonable doubt. For underground railways 
it is already regarded as the only reasonable motive power. The 
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difficulties incidental to its use for main line traffic have been over- 
come, and its adoption where the traffic is sufficient to justify the 
capital expenditure is only a matter of time. 

For express railways between busy centres it will enable the average 
rate of travelling to be at least doubled, as for this purpose a speed of 
100 miles per hour presents no serious engineering difficulty, and the 
time cannot be far distant when the journey from Liverpool to London 
will be accomplished in two hours. 


ELECTRICITY IN MANUFACTORIES. 


Electricity has been introduced with advantage into chemical works, 
and has done much to revolutionise the production of caustic soda, 
chlorine, and other products. It is also of great service in processes 
requiring high temperature, such as the manufacture of aluminium. 

Electric welding has been adopted in iron and steel works with very 
good results, and electro-deposition has been the means of creating a 
new branch of industry in metal work. 

In conclusion, it is not possible in the time at disposal this evening 
to do more than glance at the various modern applications of electricity, 
all branches of the subject afford matter for treatment at greater 
length, and some of them will be adequately dealt with in papers which 
have been kindly promised for discussion during the Session. 

Enough has been said, however, to show what an important place 
electricity occupies in the daily work of the world, and how applications 
and results, which a few years ago would have been considered 
impossible, are now accepted as matter of course and hardly excite any 
attention. 

The century now drawing to its close will be notable in history 
for the successes achieved by scientific research in every direction, and 
as a period in which nothing escaped the ordeal of critical examination. 

There are some who consider the spirit of enquiry has extended 
beyond legitimate limits, but as year by year, by patient effort, wider 
knowledge is acquired of the mysteries of nature, old superstitions 
will die away and be replaced by a more intelligent reverence for the 
creative power exhibited in a universe immeasurable in its vastness, 
perfect in its minutest detail, and regulated by unvarying laws the 
investigation of which forms the noblest study for the human mind. 


Mr. Reade. 
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LIVERPOOL ENGINEERING SOCIETY. 


TWENTY-SIXTH SESSION. 


SECOND MEETING--15rH NOVEMBER, 1899. 
A. BROMLEY HOLMES, M. Inst. С.Е, M.I.E.E., 


PRESIDENT, IN THE CHAIR. 


The following gentlemen were duly elected to the Society, viz. :— 
Messrs. К. P. ALLENBY, Е. J. BURLTON, RICHARD CARTER, J. W. 
CATCHPOLE, HERBERT С. CLARKE, RUPERT T. COOKE, PHILLIP 
Dawson, GEORGE W. DEAKIN, JOHN H. Duncan, ERNEST C. 
GIVEN, W. J: Ніге, W. M. HonsrarLL, H. М. Lipscoms, Е. A. 
Morris, ERNEST M. SHEPPARD, EDWARD J. STEAD, and S. J. 
WHEELTON, as Members ; Messrs. ARTHUR MARTIN, L. W. MARTIN, 
and CHARLES PETRIE, as Associates; Messrs. ARTHUR LEIGHTON 
and Vyvyan МАКЕМ, as Students. 


Adjourned Discussion upon Mr. M. TRELEAVEN READE's Paper 
entitled — 


"SOME PROPERTIES OF FLEXIBLE SURFACES 
AND FLEXIBLE SOLIDS NOTED CHIEFLY ІМ 
DESIGNING ‘THE SHELLBEND FOLDING BOAT,” 


which was read at the Meeting on the 26th April, 1899. 


Mr. M. TRELEAVEN READE, in referring to the original Paper, 
said—In my opinion the chief interest of this paper centres in the 
consideration of curved forms, that it is possible to derive from a flat 
sheet of material without stretching it or shrinking it at any point. 
I therefore further venture to make the following observations :— 

АП possible forms, regular or irregular, consist of cvlinders, cones, 
and torses, or their combination. 
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À curved fold combined with similar cylindrical bending on each 
side of it, remains always a “plane curve" (see Model No. ld, 
Class I, also 24 and 3d, which show the same thing in the case of a 
cone and a torse). 

It is suggested to call this a “reverse mitre,” though, perhaps, the 
more scientific term would be “reflection,” as the plane of the fold 
practically reflects the cylinder or cone, just as if it was a beam of 
light. 

The fact of these “reverse mitres” or reflections being plane curves, 
of course simplifies the practical geometry of C/ass I very much. 

When, however, the forms consist of combinations such as those 
in C/ass II, where the intersections are curves in space, the practical 
geometry appears to be exceedingly difficult, for in these cases the 
reflecting surface is not a plane, and is continually changing its 
curvature. 

Dr. H. S. HELE-SHAW said—When any new thing is brought 
forward, it is of course necessary that we should have time for 
reflection before pronouncing an opinion, especialy a thing of 
such a novel character as these surfaces. Мопе of us have seen these 
before ; they were shown, I believe, for the first time in public when 
the paper was read, and I ventured to propose the adjournment of 
the discussion in order that we might try and do justice to the labour 
the author has bestowed upon this work. 

In the first place we must all agree as to the great novelty and 
extreme interest of the subject. If the author had merely made these 
models and brought them before us, he would be entitled to great 
credit, but it is not for that reason that we chiefly value his work ; it 
1$ because he has made a successful attempt to classify and reduce to 
system such different forms. It is such work that constitutes 
science ; not а mere collection of facts, but their orderly discipline 
and arrangement. It is work of this kind that has occupied the 
greatest scientific men. 

The author must have been sorely perplexed to say in what classes 
each of these models should fall, but his classification seems to be 
perfectly sound. It however seems to me that really every one of these 
surfaces is a combination of a cone, with or without a cylinder, 
every surface that can be laid out flat can be reduced to a cone or 
cylinder, and I make a point of this because I think the last model 
shown us this evening is a very interesting example of this fact. 
I should define the torse as a series of portions of cones joined 
together. 


Mr. Reade. 
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You will easily see what an enormous number of possibilities you 
have before you. You have a combination of cones of all different 
angles; you can get an infinite variety of these forms, and I 
venture to think that the author is really at the beginning of a work 
which must become more and more fascinating, especially as he 
has overcome the initial difficulties. Of course Professor Caley and 
others have written about such forms, but the author has broken 
fresh ground in starting from the practical design of this boat, and he 
has before him a vast field which I only hope he will continue to 
develop. | 

In reading up historical things іп connection with engineering, 
I have often noticed that the first beginnings of what have become 
great practical inventions may have begun as a mere toy. I 
believe that this may turn out to be another example of almost purely 
theoretical treatment of a subject having practical bearing of great 
importance. An engineer has to use flexible surfaces and bend 
the metal into various forms. Thus in a Bessemer converter, you 
have the body a cylinder, and you have a sphere and cone (Diagram 
on board). Many surfaces of course cannot be developed, but what 
the author has done is to treat surfaces which can be developed, and I 
think he has contributed not only a theoretical, but a most valuable 
practical addition to engineering work, and I am proud, as a 
member of this Society, that we have succeeded in obtaining a paper 
which is absolutely new and original. 

Mr. GEORGE FARREN said— I must confess that on looking 
at the diagram in the volume I could not quite make it out, 
but these models make it very clear. I sent a copy of the paper 
to a Professor of Physics at Cambridge, and he says that many of 
these forms are absolutely new, and that the classification is very 
good. 

As to trying to arrive at a conclusion on this matter, and put it into 
mathematical shape by means of the differential calculus, there is 
really nothing that can be done, as all these curves take the same 
formulae. These models are more interesting and more valuable than 
the theory. 

As to the more practical part of the paper in the shape of the boat 
which is before us, I should just like to say that if you take an ordinary 
boat, you will find that it is entirely free from stress of any sort. 
The whole thing will oppose its whole force to any disturbance 
whatever. In theauthor's boat, however, there is a certain amount 
of stress, although all the curves hold together. 
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Mr. Henry Н. WEst said—All that has been said about the 
method of this paper I very heartily agree with. It is an original 
investigation, and an exceedingly interesting one, and I have no 
doubt may have its practical applications. | 

The paper is interesting to me from two points of view, and one is 
what I may call the psychological process of its development. "When 
we read Euclid we are very apt to think that it is a book written con- 
tinuously from beginning to end. That is not my conception of what 
Euclid did. I have no doubt that with an artist's eye he felt certain 
things were likely to be true. For instance, the isosceles triangle, he 
would say the angles at the base are equal ; how am I going to prove 
it? In a different way, but still with an artist's eye, he would look at 
aright angled triangle and say to himself, ** The square of the side 
* opposite to the right angle is equal to the sum of the squares of the 
“other two sides. Сап I prove this?” 

It seems to me that the process with the author has been something 
of this kind. Не makes a boat, and having at last secured one that 
fulfilled his conditions, he begins to think why it has fulfilled them. 
In that way he was led on from one thing to another, until he 
gradually developed the substance of this paper. After that I take 
it the process of classification came as a secondary thing, just 
as we believe that Euclid did, not make out all his examples and 
definitions until long after he had practically solved the bulk of his 
problems. | 

About the particular work in which I am concerned, I am afraid 
there are very few actual developable surfaces. А ship that had develop- 
able surfaces would be a ship that had a very long midship body, that 
was of a parallel section throughout, z.e., a great part of the ship would 
be prismatic. Some time ago I delivered a lecture on “ Steamships,” 
and I wanted to convey to the audience the idea of coefficients of 
form, and I had a rectangular block of wood supplied, representing the 
length and breadth and draught of water of the vessel. This gave а 
maximum coefficient, and would have developed surfaces. 

The next point was to give an idea of a minimum coefficient, and the 
idea that passed through my mind was to take a vessel of triangular 
section amidships, with every section a triangle until you came to the 
stem and stern, which would each be a simple line. Everyone of the 
water lines on such a vessel would be a triangle, and would have 
developable surfaces. 

I am glad Mr. Farren mentioned the effect of the stresses in a boat 
of this kind. That is an interesting investigation. As a collapsible 
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boat I do not think there is another I should like to trust my life in 
as well as in this. 

Mr. R. A. SLOAN said—I labour under a disadvantage in not 
having heard the original paper read. At the first glance I do not 
think anyone who had not made a careful study of the subject would 
recognise that these models had been developed from a flat surface. 
I used to think that I knew as much about developments as most 
people. I read the ordinary dictum of the text books, which tells us 
that the developable surface must be a rigid surface. That seemed 
to me to exhaust the subject, but evidently that definition is incom- 
plete, or rather it is too sweeping, because here we have surfaces 
which are not of that order, and are yet clearly developable. It struck 
me that the author had adopted the right lines; he began with the 
flat, and turns to the curved process. In text books, generally, we 
begin with the curved surface. Тһе process of reasoning seems very 
much clearer as the author has it. 

We seldom develop a curved surface; usually we want a curved 
surface out of a flat sheet. 

I had hoped to hear to-night of the practical development of 
undevelopable surfaces. Unfortunately we often have to deal with 
such surfaces. Іп developing propellor surfaces, where the blades are 
of peculiar shape, the ordinary method breaks down hopelessly. 1 
investigated that matter with some care several years ago, and I hit 
upon a method which, while not absolutely correct of course, yet 
seemed to me to be sufficiently so for most purposes. That I may 
bring before you on a subsequent occasion. І do not think I ever 
saw the humble but necessary stove pipe built up in accordance with 
the development shown in the left hand model. Such joints, as far 
as I have been able to observe them, have been invariably made by 
cutting the material to a proper curve and rivetting them together. 

The President, Мг. А. BROMLEY Holmes, said-—The first thing 
that strikes one is that these models are things of beauty; next I think 
you feel that you are not quite sure what they are ; and then I think 
you come to the practical point of view, and you want to know what 
you can do with them. I must say directly I saw these models, they 
seemed to one who has spent some part of his life in dealing with 
constructional ironwork, that they ought to be of some great value. 
Everyone knows when dealing with sheet metals the difficulty there is 
in getting any variation in shapes, without undue strain or damage to 
the material : also the difficulty there is in obtaining variation in form 
with the necessary freedom required for differences of temperature. 
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It seem to me, in looking at these models, that there would be 
very great practical advantages to be derived in such cases, for 
example, as the forms of floor plates for bridges. Hydraulic presses 
are very largely used in this class of work now, and when you produce 
such a form as one of the models shown by the author, you have a good 
bridge platform. 

In forming irregular curved surfaces, a great difficulty comes in in 
the variation of thickness. In dealing with a steampipe, perhaps 
10 or 12 inches in diameter, and wishing to bend it round intoa 
curved form, you crush in the metal on the shorter side, and expand 
the metal on the outer side, neither of which conditions are desirable 
for that particular purpose ; the author’s investigations assist towards 
the satisfactory solution of such problems. 

It seems to me, mentioning casually one or two things that 
strike one at first sight, that there must be a great future to arise from 
these preliminary investigations. We are extremely fortunate in 
having this original work brought before us. It marks an epoch in 
the development of an idea in construction, and I have no doubt we 
shall always look back with very great interest to this evening’s 
meeting. 

Mr. M. TRELEAVEN READE, in reply, said—The preparation of this 
paper has been a great pleasure, and your reception of it amply repays 
me for the trouble I have taken. 

With regard to the points raised, Dr.-Hele-Shaw spoke about the 
question of all developable surfaces consisting of cones, and seemed 
to be of opinion that the torse was really a series of small conical 
surfaces fixed together. Of course the cylinder is a special case of the 
cone, simply with an apex at an infinite distance ; but it appears to 
me it would be more correct to say that all forms are torses, and that 
the cone is a special case of the torse, and also that the cylinder is a 
special case of the cone. 

Mr. Farren mentioned that ordinary ships’ boats were made without 
initial stresses, and he appeared to think that my boat is full of them. 
I cannot deny that my boat has initial stresses, but so has every 
structure, including ordinary ships’ boats, in which case considerable 
force is exerted in bending the wood to its required shape. When 
the matter is gone into, it is found that the stresses in the shell of a 
boat of ordinary construction caused by the swelling of the wood on 
absorbtion of moisture produce much greater initial stresses than those 
involved in the bending of the materials that takes place in the Shellbend 
Folding Boat. The chief point is: Are the initial stresses апу det- 
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riment as long as they are not sufficient to in any way injure the 
material? I cannot see that they are any detriment ; initial stresses are 
frequently introduced in structures purposely to secure rigidity, and 
why should this not be done in boats? 

Mr. West spoke about ship forms being undevelopable surfaces, 
which is perfectly true, in most cases, though all of them admit of 
partial development without any superficial stresses. 

With regard to the application of these models to constructional 
ironwork, there is undoubtedly a very large field. This paper, 
however, was intended to bring forward the principles of the 
subject in a classified manner, and though models have been 
exhibited suggestive of practical application of these principles, it was 
only with the idea of indicating the lines on which the author proposes 
to apply them. 


TAYLOR ON ELECTRICAL FIRE RISKS. 21 


LIVERPOOL ENGINEERING SOCIETY. 


TWENTY-SIXTH SESSION. 


THIRD MEETING—29TH NOVEMBER, 1899. 
A. BROMLEY HOLMES, М. Inst. C. E, M.LE.E., 


PRESIDENT, IN THE CHAIR. 


The following gentlemen were duly elected to the Society, viz. :— 
Mr. ALLAN BELL, as a Member ; and Mr. J. A. PALETHORPE, as 
an Associate. 


FIRE RISKS OF ELECTRICAL INSTALLATIONS. 


By A. LESTER TAYLOR. 


SPECIFICATIONS for Electrical Installation work ordinarily contain a 
clause which requires that the Rules of the Fire Insurance Companies 
interested in the risk shall be observed in carrying out the work. 

In this manner the consulting engineer is enabled in a short clause 
to embody a considerable amount of matter descriptive of those 
details which experience shows tend to lessen the risk of fire resulting 
from the installation. 

To a very large extent these fire office rules are merely descriptive 
of ordinary good engineering detail, and therefore considerably over- 
lap the Rules of the Institute of Electrical Engineers and the Rules 
issued by the respective engineers of Electric Supply undertakings. 

For all ordinary non-hazardous risks, such as those forming the bulk 
of the premises supplied with current from street mains, experience 
shows that practically all the most material ground is covered by 
engineers' rules. 
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The best interests of the fire offices would, in my opinion, be un- 
doubtedly served by the setting up, under joint suggestion, of a single 
standard set of general rules for all non-hazardous, ordinary risks, 
which rules, whilst perhaps entering into detail on matters such as 
protection of the person and avoidance of simple breakdown—in which 
the fire office as such is not so directly interested — would necessarily 
appeal more strongly to the installing engineer and his staff, and 
therefore be more likely to be observed in practice and so secure the 
types of installation also likely to present the least fire risk. 

If municipal and supply companies’ engineers were also represented 
in the joint compilation to secure their special interests the value of 
these joint rules would necessarily be greatly increased to the fire 
offices, if only by levelling up in respect to the present rather indifferent 
attitude of some few such engineers in respect to fire risk detail. 
The author has frequently expressed his opinion as to the indebtedness 
of fire offices to those of the municipal and supply companies' 
engineers, who exact a reasonable standard of work before joining up 
an installation to their mains. In expressing so much confidence as 
to the wisdom and efficacy of adopting jointly compiled general rules, 
the author is anxious that it should not be lost sight of that for 
theatres, corn, oil and textile mills, cold stores and other hazardous 
or special risks, the fire office interests would require supplementary 
rules of their own, which might be unsuitable or unnecessary for 
application in ordinary risks, but which are called for by the special 
circumstances, either as to the influence of the existing external 
conditions upon the installation (as in cold stores or in drying stoves 
and tenter houses) or as to the special susceptibility to serious fire 
damage of the surrounding of the installation, as in cotton mills, from 
incidents which, in ordinary risks, might be immaterial or very slight 
in effect. 

Whilst it is reasonable to say that there is a tendency to greatly over-rate 
the fire risk of electrical installations there is still a record of sufficiently 
serious electrically caused fires to justify the regulation of installation 
detail in the light of experience. 

In quoting instances of fires of electrical origin in this country which 
seem to be sufficiently typical to afford useful examples of what should 
be avoided or prepared against, it necessarily follows in the majority of 
such instances that very serious fires did not result, or probably all 
evidence of origin would have been wiped out. 

Taking such an ordinary installation detail as a fusible cut-out, the 
highly heated fused metal from a 20-ampere china cut-out fixed in the 
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spinning room of a cotton mill fell on to the oily and fluffy wood floor 
and started a fire which spread to the nearest mule carriage and 
resulted finally in а loss of some £1200. 

In another cotton mill, where a ceiling rose had its cover broken off 
in sweeping down, the melting of this l-ampere fuse ignited cotton- 
fluff and started a serious fire between floor and ceiling with a resulting 
loss of some £900. In a third cotton mill a fire was started by fused 
metal which came from a cut-out whilst a melted fuse was being 
replaced. 

In а woollen mill a slight fire originated at the wood base of a 
cut-out, and later the burnt cut-out was replaced by another wood- 
based fitting, which in its turn was also fired. 

In а drapery risk a cut-out fixed under a floor in proximity to а 
leaking gas joint melted and ignited the gas. 

Incandescent lamps without shades or guards in shop windows have 
caused a number of fires. At one drapery risk three successive 
window fires occurred, one quite serious, before the window dressers 
could be persuaded to keep the goods clear of the heated lamp bulbs. 
Аға tailor’s a lamp resting on a piece of wool suiting had burned 
through five folds of the thick cloth when discovered. One or two 
losses have occurred through users taking out lamps of 16 C.P. or less 
and substituting higher candle-power lamps demanding what proved 
to be a dangerous heating current through the lamp connections. 

As might be expected, unguarded or insufficiently guarded arc 
lamps have started several fires, and it is so common to find the single 
globe lamps in use with broken globes that double globe lamps or 
lamps with unbreakable reflectors beneath are greatly preferred by 
fire offices. 

Resistances are another obvious source of danger which have main- 
tained their bad reputation in practice. In one case, in a drapery 
risk, a short-circuited coil in an arc lamp resulted in overheating at 
the resistance, with firing of the insulation on the connecting 
conductors and the burning out of the window bottom. Іп another 
Case, in a theatre, a resistance ignited some scenery in the wings. In 
this connection a considerable danger arises from the diversity of the 
declared pressures at which current is supplied in various towns, as the 
electrical properties of travelling artistes, especially in music halls, 
have necessarily to be variously adapted for the 100, 200, 220, 230 
and other voltages existing, and these expedients, principally in the 
form of resistances, are often applied in a hazardously “ temporary " 
manner. 
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Leakages of current to or from gas pipes have often resulted in 
melting a portion of the pipe and the lighting of the issuing gas, this 
of course being a serious matter, as the gas fuel sustains the fire. Опе 
interesting case occurred at a large grocery where some very ornate 
gas fittings had been wired externally with flexibles. Оп a fault 
occurring between a flexible and a gas-fitting the double pole fuse for 
that fitting melted, blowing off the china cover of the cut-out, which 
dropped amongst the assistants behind the counter, and so marked the 
time of the fault. ‘Two hours afterwards an assistant went into a ware- 
house at the back of the shop (where there was nothing electrical) 
when it was found that the current had passed along the gas pipe from 
the shop to the warehouse to a point where it had jumped to a wall 
pipe, melting the gas pipe and lighting the gas, which had been thus 
burning at the full bore of the pipe for two hours. 

In another instance, a gas pipe resting against the metal cover of a 
cut-out in a basement was melted by the current, and the gas ignited. 

At a dentist's a patient found the ordinary pleasantries of the chair 
were likely to be amplified by a gentle roasting, as the wood floor of 
the room close to the chair was being fired by gas flames issuing from 
a pipe in the cellar below. After knocking up the gas pipe, and 
putting out the fire, operations were resumed, and were a second time 
disturbed, this time by means of a second and similar fire in the 
adjoining room. Gas and electricity were now turned off at the mains, 
and an expert investigation showed that in an upper room a metal 
shelf for an electric vulcanizing stove had a fastening screw in contact 
with a zinc crank bell tube in the plaster, that the vulcanizer on being 
removed to the bench below had had the pin connectors removed and 
so left that one pin was resting on the shelf. Current from this pin 
leaked via metal shelf, zinc bell tube, and crank bell wire, first to a 
gas pipe in the front basement (two storeys below), and later, after the 
disturbance of the first fire, via a second crank bell wire to a second 
gas pipe in the back basement. Singular to relate, a short time after, 
at this same dentist's, another fire occurred in a third operating room, 
this time in the ceiling. А centre gas-fitting had been converted into 
an electrolier, and the connecting gas supply pipe cut away clear of the 
fitting, but the fitting was not clear of a zinc ventilating pipe. At a 
point distant from the fitting а gas pipe belonging to another gas- 
fitting was run over the ventilating pipe. In the course of a cleaning 
down after the previous fires the shades had been removed, and when 
replacing one of them a servant so twisted the lampholder as to make 
a contact between the electrolier and one of the wires, when the 
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current was led via the electrolier and the ventilating pipe to the gas- 
pipe, and so caused the third fire. These and other experiences 
emphasise the great necessity for the most complete separation of gas- 
pipes from electrical fittings of any kind, and incidentally shows 
the value of the use of insulating supports. 

These gas ignitions also demonstrate the usefulness of a switch upon 
each main conductor to control the whole current on both poles. 

Current from the poor wiring of an electric organ leaked to a gas- 
pipe in the organ chamber and ignited the gas. 

Through the cracking of a china insulator supporting an arc lamp 
current leaked from the lamp via the iron suspension tube to a compo 
gas-pipe under the floor in a clothier's shop and ignited the gas. 

Switches themselves, principally through overheating, due to bad 
contact, and subsequent ignition of the insulation upon the connecting 
conductors, have caused several fires, sometimes through insufficient 
ог bad “breaking” and consequent arcing. In two cases it is 
interesting to note that badly designed double pole switches have 
fired when at rest in the “ой” position through failure of insulation. 
In one of these cases, at a jeweller's, the early discovery of the fire 
resulted from the fact that the portion of the shop floor ignited was 
just at the feet of a man sitting at the repairing bench. 

In respect to switchboards, so many firelosses have originated here, 
that switchboards are looked upon with much suspicion. At a cotton 
mill a back connection came loose with a resulting arc, which fired the 
insulation on the neighbouring connecting conductors, and destroyed 
the whole board. 

On a theatre stage a bad fire, which started at the back of the stage 
switchboard, was delayed by an iron perch just above it and against 
which the flames played until extinguishing appliances were brought 
into use. 

In electricity generating stations the switchboard is obviously the 
principal item of danger, and suitable spacing apart of conductors and 
other precautions are of real importance in the light of experience. 

Defective or damaged insulation upon conductors has proved to 
be another notable cause offires. А very recent loss was occasioned 
by such a defect existing behind a wood skirting board in a mansion. 
In a soap works the insulation upon a pair of mains passing 
unprotected through a wall, failed, and this resulted in serious arcing. 
А pair of wires run through a hayloft unprotected became damaged 
so that on turning on the current the stored hay was ignited. Ina sale 
shop facing a sea beach the casings on the window bottom were 
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soaked with sea water during a high tide, and on turning on the 
current the window was burnt out. 

The effect of dampness, especially when accompanied by a low 
temperature, is well known for its destructive character in respect to 
all ordinary insulating materials. Whilst structural woodwork has 
been ignited from this cause in cold stores it is to be remarked that 
such faults usually merely result іп breakdowns (which frequently 
occur in such places as bleach and paper works) and do not result in 
material fire losses for the reason that the surroundings are not in a 
condition to be easily ignited. А curious fire from overheated wiring 
occurred through contact between bare open-air conductors, causing 
an excessive current-flow through internal and covered conductors. 

Fires have demonstrated the dangerous practice of using corrosive 
fluids in jointing, one notable one occurred under the floor in a co- 
operative society's warehouse recently, where the conductors, thinned 
through corrosion, became overheated and fired the insulation. Іп 
respect to drying stoves and tenter houses, in one case the electric 
wiring burnt out four times and was not again renewed. In another 
case the whole length of wood casing burst into flame. 

The author has elsewhere commented upon the Fire Risks of 
Electrical Power Installations, and since the date of that paper other 
instances of fires occurring from sparks from unprotected motors have 
been reported. This risk is being more recognised by engineers, and 
protected types of motors are being more commonly used when they 
are required to be fixed amid combustibles. 

The desirability of keeping electric light and power conductors well 
spaced from the poorly insulated conductors used for bell and 
telephone work was quite recently shown at a large hotel, where a 
defect in the insulation upon a lighting main resulted in a current 
leakage to the small bell conductors with which it was bunched, and 
the lighting-current overheated and fired a long length of the bunched 
bell conductors and badly fired the roof timbers along which the bell 
wires ran. 

It is fortunately becoming usual to specify for important bell and 
telephone work that the ordinary 300 megohm vulcanized rubber- 
covered wire, not stapled but laid in simplex tubes or wood casing, 
shall be used, and this indirectly tends to much greater security. 

The wide-spreading adoption in this country of overhead trolley 
wires for electrical traction has, in view of the demonstrated im- 
practicability of efficient and reliable guarding of the trolley wire, 
already resulted in several instances of telephone instruments and their 
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connections being fired by straying trolley current due to contacts 
between the trolley wire and overhead telephone lines. A notable 
instance was the recent burning out of the large test board at the 
Halifax Telephone Exchange. 

On the Continent, telephone exchanges have suffered severely ; as 
instance, the Exchange at Zurich which was burnt out eighteen months 
ago, with a reported loss of £50,000, due to a telephone wire falling 
on to a trolley wire, and six months later the Vienna Exchange is said 
to have had a narrow escape from the same cause. Some time ago a 
serious fire was caused in the Remschied Exchange from a contact 
between a broken telephone wire and an overhead tram conductor. 
А similar fire, which recently had very serious results, originated in the 
telephone exchange at Kingston, Jamaica. 

In America, where a system of official records of electrically caused 
fires has obtained for some years, the summarised records indicate 
that taking the total amount of fire losses of electrical origin, more 
than one-half of the total losses have arisen through the introduction 
of the trolley wires. ОҒ a very large number of American Telephone 
Fire Reports one may be quoted where a snowstorm wrecked over- 
head wires generally, when 110 telephones were completely burned out 
and burn-outs in main switchboards occurred several times, but arcs 
were extinguished by the use of dry sand and cloths. 

In the light of such experience as this, and seeing that the use of 
trolley wires has become a public necessity, it cannot be wondered at 
that fire offices should seek the prevention of such losses by the only 
means likely to be efficient, and that is, by the protection of the 
telephone installation itself through the use of proper fusible cut-outs and 
the avoidance of gas-pipe earth connections in all ordinary cases, and by 
supplementing these precautions in special cases by prescribing a high 
standard of wiring—suitable for use with high voltages—and specially 
protected instruments where they are situated in hazardous positions. 

In cases where large interests are at stake, and every precaution that 
can be taken against fire is adopted, the insured often seek the advice 
of fire offices as to the best manner in which to carry out details, 
under which circumstances the fire offices naturally advise the fullest 
precautions which their experience would indicate to be of value; and 
in the small pamphlet now being issued by the two fire offices with 
which the author is connected, suggestions on these lines of fullest pre- 
cautions are made as to telephone installation details where danger 
from straying trolley currents exists. It is not expected that it will be 

commercially practicable to widely adopt these in all their detail, since 
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in many ordinary and non-hazardous cases the cost would be objected 
to, and alternative suggestions are made of a very slight character for 
more general adoption, such as cannot be open to reasonable criticism. 
Copies of these pamphlets are in the hands of the Honorary Secretary 
for distribution to members who may desire to have them, and also 
copies of the General Rules, compiled by the author, for the Liverpool 
and London and Globe Insurance Company, and of the Special Risks 
Supplementary Rules adopted both by that Company and by the Royal 
Insurance Company, and the author would recommend those members 
interested in the subject to read these in connection with this paper. 
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DISCUSSION. 


Mr. MORGAN OWEN said—I only get up to express my appreciation 
of the paper. As all present will understand, the subject is one that 
vitally affects the Insurance Companies, and we take a very keen 
interest in the developments of electricity in this city, and in other 
towns. I am not able to enter into all the details, nor do we who аге 
responsible for the business of the Fire Insurance Companies profess 
to be ableto do so. We rely upon the experts to see that the in- 
stallations are carried out in the very best way possible. "There is 
one remark that I cordially support, when the author refers to the fact 
that the best interests of the offices would be served by the setting up 
of a uniform set of rules. Several offices have each a separate set for 
themselves, and I hope before very long, we shall have published and 
recognised by all the companies, a standard set of rules which will be 
followed throughout the country. 

We regard with a certain amount of fear the extension of the trolley 
system of traction, before the telephone wires have been fully protected. 
I hope before long that these latter will all be protected, and that all 
that can conveniently be wil be put underground. I believe the 
President takes the view that it is desirable, as far as possible, to protect 
all telephone wires, and I understand that before long, fuses such as 
the author suggests will be placed on all telephone instruments. 

Mr. BEWLEY said—I am sure we are all very much indebted to 
the Society for the invitation to be present to-night. Тһе risk from 
electrical installations 1s of very great interest indeed to Insurance 
Companies. І join with Mr. Owen in what he said about a combined 
set of rules. 

Mr. GEORGE HILL said—I, unfortunately, am an electrical con- 
tractor, and under the various rules now in force one really does not 
know what is wanted. I think it would be an excellent thing if we 
had one recognised set of rules. I am, however, astonished at the 
number of fire risks we have heard about to-night. 

Mr. THomas L. MILLER said—I quite agree with the representatives 
of the various Fire Insurance Companies who have spoken as to the 
value of a standard set of rules, but it must not be forgotten that 
rules are not everything, and that rules without the necessary inspec- 
tion to see that they are properly worked to are of very little use. 
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Another thing we require is to endeavour to raise the standard 
of the average wiring contractor, who in many cases has had little 
previous experience of the work, having probably tacked on an 
electrical branch to an existing plumbing, decorating, or iron- 
mongering business. 

I have brought with me this evening a number of samples of how 
work should not be done which, I think, may prove interesting to the 
Society. Тһе author has spoken at length on the subject of electrical 
fire risks, but really in the face of work such as is shown by these 
samples, electricity is wonderfully safe. 

It has been said that more can be learned from the record of failures 
than from particulars of good work, and the author in giving particulars 
of failures has shown us what to avoid, and in so doing deserves the 
best thanks of the Society. 

Mr. W. М. HonsFALL said—With regard to the insulation of gas 
pipes, the author mentioned that they were partly insulated, but I 
did not quite understand whether that was approved by the companies 
or not when the pressure exceeded 200 volts. 

With respect to what has been said as to a general set of rules, I 
consider that the time will come when one recognised code of rules 
will be laid down. At the present time, in the case of Manchester and 
Liverpool, fittings that will pass in one city will not pass in the other, 
and great difficulty is experienced in that respect by contractors. 

Mr. ARCHIE KELLY said—One thing that struck me about the 
trolley wires was a case I heard of the other day, where the difficulty 
was somewhat easily got over. Instead of interfering with the present 
arrangement of telephones, the fuse was inserted in the overhead wire 
on the pole itself, just where the wire crosses the street, and it seemed 
to me that was a very good way of getting over the difficulty without 
interfering with the present work in offices, &c., where instruments are 
already fitted. 

Mr. CoaRD S. PAIN said— Having generated and used electricity in 
my house for some years, I had thought that possibly my installation 
being an early one, and having lasted so long, would be all right, but I 
no longer think so. It seems that an accident can happen under any 
possible conditions. 

There is one thing we have not heard about to-night, and that is 
damage by vermin. I hope the author will add to our knowledge on 
that point. 

If damp is such a serious matter, it seems to me that the chances of 
the Insurance Companies making any dividends in the future are 
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growing less very rapidly, and as many of the older installations were 
put in, at any rate, at times when the experience was not as great as 
now, the chances of risk must be very large. 

Mr. HENRY H. Меѕт said—The general drift, I take it, in this matter, 
is this: that where the resistance becomes too high, or where the 
current. is accidentally carried to places where the resistance is raised, 
there we have risk of fire. I take it that is the keynote of the 
whole question. 

The growth of the trolley-wire-system may affect this matter largely. 
Supposing any of our telephone wires were to fall across the trolley 
wire, I imagine in that case the current might be carried to some place 
where the resistance would be so great that at any rate there would be 
danger of fire. If this involves fuses to every telephone instrument, 
I think that is rather a large order for the Telephone Company, 
and attempts ought to be made to see whether there is not some other 
way out of the difficulty than such complicated appliances. 

Although we have a good deal of electrical plant on board ship, I 
cannot say that I have met with any cases of serious accident arising 
from it; possibly, we look after our electric light installations 
better than on shore. With regard to the piece of cable shown by 
Mr. Miller, I would ask if it was actually in that condition when 
found. 

Mr. BussELL said—As regards electricity, we know that it is 
practically a new industry, and consequently it is new also to the In- 
surance Companies, and therefore they will have to take a very careful 
line with regard to this industry. Rates, for instance, have been more 
or less matters of speculation, for the reason that we have had no 
practical experience to guide us. 

There is also another point in connection with this matter, which is 
important, and that is the matter of assessing losses. Ап engineer 
may be able to judge of a fire, but he is not in a position to put that 
knowledge into insurance form. There, again, I think the Insurance 
Companies have been rather at a disadvantage. 

The President, Mr. A. BROMLEY HoLMEs, said— Before asking the 
author to reply to the discussion, I should like to express our thanks, 
as members of the Engineering Society, to those gentlemen connected 
with the Insurance business who have been good enough to honour 
us with their presence to-night. 

I remember in the early days of the electrical industry in Liverpool, 
that I approached the Insurance Companies, with the desire that they 
should do something to raise the quality of electrical work. I was told 


Mr. Pain. 


Mr. West. 


Mr. Bussell. 


Mr. Holmes. 


Mr. Holmes. 


39 DISCUSSION ON ELECTRICAL FIRE RISKS. 


from the insurance point of view it was merely a question of rates, #.¢, 
if the introduction of electricity increased the number of fires, the rates 
on buildings having electric light would be raised, and that this was 
the only method in which it could be dealt with. I am glad to see to- 
day quite a different condition of affairs. It is gratifying to see such 
a number of gentlemen taking an interest in this question, and to 
find the Insurance Companies looking at it from a reasonable point 
of view, and instead of trying to make rules from the light of their own 
personal experience, which must be small, employing a competent 
electrical engineer to assist them in drawing up regulations, which will 
not only be satisfactory to themselves, but also to Electrical Engineers 
and to their customers by not imposing any unnecessary restrictions 
on the work. Т think that the rules that have been put forward 
on behalf of the Liverpool Companies set a bright example to In- 
surance Offices generally ; I have no hesitation in saying that they 
take the lead. А well known set of rules that preceded these con- 
tained so many exceptions, exceptions that could be made at the 
caprice of the inspecting engineer, that they were comparatively useless. 
The present rules are simple, easily understood and reasonable. 

We have been rather criticised to-night, in that we as electrical 
engineers do not agree among ourselves as to our rules. If we do not 
agree, itis because our experience is not sufficiently extended at present 
to enable us to agree. 

А few years ago, it was the fashion to use pure rubber for conductors. 
A well-known electrical engineer adopted vulcanised rubber as being 
better for a particular purpose, but it did not prove satisfactory, 
and he had to return to the pure rubber. 

One of the points alluded to to-night is the protection of trolley 
wires. Before advising the Liverpool Corporation on that subject, in 
conjunction with my colleagues, we inspected what was being done in 
other places. We found that the ordinary guard-wire, either insulated 
or uninsulated, had caused more trouble than had taken place in those 
localities where no protection at all was used. Тһе trolley wire was 
protected in Hamburg with a wooden guard strip, which seemed to us 
to be free from many of the objections common to guard wires, and 
that method of protection has been adopted in Liverpool ; but neither 
that method nor any other, in my judgment, can remove entirely 
the risk of falling wires. When a wire falls, there is not only a 
danger that the telephone exchange may burn up, but damage may 
be done to the passengers underneath. 

I think the best method perhaps is one which we have suggested 
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to the Postal authorities in conjunction with the Board of Trade, 
viz. :—that where there are wires across a street in any numbers they 
shall either be bound up together in a form of cable, or else that under- 
neath them a cradle shall be placed so that if any isolated wire falls 
it may drop into this cradle and may be prevented from contact with 
thetrolley wire. In Liverpool, the Corporation have an agreement with 
the Telephone Company, which will ultimately result in the over-head 
telephone wires being removed from the streets in which the trolley 
wires are in operation. It is not, of course, proposed to remove the 
wires over side streets ; that would be a quite useless impediment in 
the path of the Telephone Company, but simply to deal with the main 
streets so as to relieve the telegraphs, Telephone Company, and public 
from the risks inseparable from the present state of affairs. 

Mr. A. LESTER TAYLOR, in reply, said—Mr. Miller spoke about the 
standard of wiring contractors, and it seems to me very desirable that 
gentlemen like our President should introduce regulations on such a 
matter. 

Mr. Kelly’s suggestion ofa fuse on the pole would not alone affect 
sufficient improvement, as there would have to bea cut-out for every 
line. | 

With regard to the matter of vermin, there wasa case where they had 
bare copper strip underneath the pavement, for conveying the current. 
A rat out of the sewer, which was wet, crossed the wires and was 
killed, but the wet body still conveyed the current and that overran the 
lamps in a consumer's premises. 

There is nothing safer for lighting than an electric installation if it 
is reasonably installed. 

In respect to the correction of faults by cut-outs, that from a Fire 
Office point of view is a very lame way of remedying faults. A 
characteristic of electrical fires is that often very little actual damage 
from fire is caused, but the other risks, such as consequential damage 
to the plant, are serious and considerable. 

With regard to the remarks of the President, they are of the most 
valuable character. 
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The following gentlemen were duly elected to the Society, viz.:— 
Messrs. CHARLES S. ALLOTT, HENRY N. ALLOTT, WILLIAM ANDERSON, 
EDWIN ASHTON, ALFRED CHAPMAN, HENRY SHIELD, and E. SYDNEY 
TAYLOR, as Members; Messrs. CHARLES ALCOCK, JOHN М. Dove, 
S. W. HIGGINBOTTOM, ALFRED L. JONES, and FREDERICK W. P. 
RUTTER, as Associates. 


HEAVY MOTOR WAGONS FOR 
LIVERPOOL TRAFFIC. 


By ARTHUR MUSKER, Assoc. M. Inst. С.Е., М.І. Mech. E. 


THIS paper is intended to consider the question of heavy motor 
wagons as applied to Liverpool traffic, and does not purpose to go 
further than that, although it will apply to similar traffic elsewhere. 

My firm have been engaged in experimenting and constructing a 
suitable wagon for about two years, have spent a considerable amount 
of time and money over the problem, with at last, we believe, a con- 
siderable amount of success, and it is my intention to-night to tell you 
first what our experience has taught us 15 required to make an ideal 
wagon, to describe to you what we have done, and then to leave you 
to form your own opinion as to how far we have succeeded. 

The problem has been to make a motor wagon, having a tare of 
three tons, to carry loads varying from five to ten tons. 
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In order that you may understand thoroughly what Liverpool heavy 
traffic is, to know the great variety of goods that have to be dealt with 
which vary in size, weight and shape, in an astonishing manner, also 
to understand how they are loaded on the wagons in a way which 
we may take it has been found from experience to be the easiest, and 
to take the least time to unload, also to see how in almost every case 
a large platform area is absolutely necessary, I have had prepared a 
number of lantern slides made from photographs taken from wagons 
travelling along the dock road or standing in the goods sheds. 

The number shown represents only a portion of the various kinds 
of goods, but will be sufficient for my purpose. 

You will now see that several important parts of the general design 
are practically settled for us if the motor wagon is to be of any use 
in Liverpool, and in my opinion they are :— 

(1) The platform must have a loading area as large as any we have 
seen, or the weight of goods cannot be carried. 

(2) The top of the wagon must be entirely independent of the 
machinery to allow it to sag, because if made strong and stiff enough 
to prevent sagging, the wagon becomes too heavy. 

(3) There must be no chimney, and no sparks, or else cotton and 
other inflammable goods cannot be carried. 

(4) There must be no cab in front, except a small driver’s seat, or 
long material cannot be carried, and with the large platform area 
required, an additional 4 to 6 feet in front for boiler and engine 
would make the wagon unwieldy. 

(5) The last really means that the engine, boiler and machinery 
must be carried entirely below the platform. 

(6) The wagon must carry enough fuel and water to travel at least 
15 miles. 

(7) The platforms must be made of the same material and in the 
same way as the horse wagons, if we are to take any account of the 
years of experience gained by the Liverpool teamowners in handling 
the goods, and consider the present design to be the survival of the 
fittest, as regards first cost, wear and maintenance. 

Having settled the general design of the wagon, I will now pro- 
ceed to consider the machinery in general and in detail. 

Looking at the case generally, I think it is absolutely necessary that 
the motive power should be steam and the fuel petroleum or petroleum 
refuse, also that foran ideal wagon, the steam should be made automatically 
as required, or, in other words, the supply of fuel and water should be 
automatically governed by the required pressure and quantity of steam 
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necessary to carry out the work it may be called upon to do, inde- 
pendent of the driver. Another important feature is that the driver 
should be able to leave his wagon for at least half-an-hour without 
attention, knowing that while he was loading or unloading it, the 
machinery and boiler could be left to itself, yet be ready for im- 
mediate use without fear of burning or bursting his boiler, or having 
no steam at all. 

The above being accomplished it leaves the driver his combined 
starting and reversing lever, and his steering and brake wheels to attend 
to, or when running, practically only his steering wheel and reversing 
lever. 

Taking the boiler in detail, what is required is a boiler that 
will be:— 

Safe when red hot. 

Safe when with undue pressure. 

Safe even if it does explode. 

Can be forced to double its normal working power in a few minutes. 

Must use any kind of water. 

Must have few or no joints. 

Must be cheap. 

Must be light. 

Must be compact. 

Must not scale. 

Must require no chimney. 

Must require little cleaning. 

The petroleum burner must be capable of burning any kind of oil. 

Must have no small holes to get choked up. 

Must be economical. 

Must be adjustable to burn from 4'sth to its full quantity of oil. 

Must not deposit carbon. 

Must give perfect combustion, and therefore no smell. 

Must be noiseless. 

Must burn in any position. 

Must not be blown out with the wind. 

Must be compact, light and cheap. 

The engine may be any design, provided it is strong, light, balanced 
and economical, that it will stand superheated steam and a pressure 
double the normal working pressure, also that it will work with steam 
cut off at one-fourth to full stroke and have no link motion. 

The water pump must be simple and be capable of pumping any 
kind of dirty water, and therefore must have no valves. 
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The oil pump must have no valves. 

The governing arrangement must be simple and reliable. 

Must deliver the requisite quantity of fuel, water and air as required. 

Must not continue feeding oil to the burner should the water 
supply fail or pump not act. 

Must not continue feeding water to the boiler, should the oil supply 
fail or pump not act. 

Must be capable of being put out of gear and the oil, water and air 
supply regulated up to double the normal quantity from the driver's 
seat at any moment if required. 

As we have followed to a great extent upon beaten tracks as regards 
steering, brakes, and driving gear, I will not enumerate the different 
points, but simply explain what we have done. 

I will now have put on the screen, first some views of the wagon 
and machinery, and then explain to you the general arrangement and 
details and may state that we believe and claim to have produced a 
motor wagon which, if not yet quite perfect, will eventually embody 
all the features mentioned in this paper. 

The steam motor wagons now sold require a wagon driver and a 
stoker (who attends to the feed water and fire) usually combined in 
one man. Опе ofthe principal features in the Musker system is that 
the human stoker is replaced by a mechanical one, and the boiler and 
burner have been specially designed to be worked in that way, although 
they could also be worked in the ordinary way. 

The mechanical stoker takes the form of a small auxiliary steam 
engine which is always running, driving the water and oil pumps and 
air fan, and having its speed regulated automatically by the pressure 
ofsteam. It must not be thought that this is an extra complication, 
it simply takes the place of the steam feed pump usually carried, and 
is quite independent of the main engine. 

The oil, water and air for the burner and boiler are all supplied 
in quantities as required, that is to say, according to the quantity of 
heat or steam required ; and they are supplied in fixed proportional 
quantities ; the variation of quantity supplied being effected and 
governed by the pressure of steam through the small auxiliary steam 
engine, driven by steam from the boiler. The whole of the air for 
burning the oil vapour is supplied by a small centrifugal fan driven 
by the auxiliary engine. 

The auxiliary or controlling engine is starting when the wagon is 
commencing its day's work and is not stopped until the end. 

In operation, therefore, if when running, steam is partly or entirely 
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cut off from the main engine of the wagon, and the pressure of steam 
in the boiler begins to exceed the normal, or a certain abnormal 
pressure, this pressure acts through a governor device so as to govern 
the speed of the controlling engine and regulate the supply of oil, 
water and air. 

Thus, when say the wagon is at a standstill, only so much oil, water 
and air wil be supplied as will keep the necessary amount and 
pressure of the steam in the boiler, normally required to make up for 
condensation, waste, and driving the auxiliary engine, that is to say, 
without generating too much or allowing a diminution of pressure or 
quantity. 

The wagon is very similar to the ordinary horse-wagon used on the 
Liverpool docks for carrying six or seven tons. Тһе platform 15 made 
entirely of wood, measures 17 feet by 6 feet 6 inches extreme width, 
and gives an available carrying area for goods of 110:5 square feet, less 
the space taken up by the driver's seat, which in future will be carried on 
brackets entirely in front. 

The front wheels are 3' 0" diameter, and the back driving wheels 
are 3’ 3" diameter, and all have tyres 5" wide. 

The front wheels are the steering wheels, they are pivoted on 
Ackermann's system, and controlled by a bell crank lever and screw. 
The driving wheels are fitted with l-inch thick steel plates recessed 
into the inside of the felloes, and well bolted tosame. The chain 
wheels are bolted to these plates so that the driving power is applied 
directly to the felloes of the wheels. 

The cast-iron nave bushes have flanges bolted to the naves to 
prevent them working loose. 

The whole of the machinery 1s attached to a platform constructed 
of oak, strengthened with thin iron plates, and is supported from the 
axles by four bolts, one at each corner, fitted with strong spiral springs 
of a strength to suit the load : these springs also serve to reduce any 
sudden strain on the machinery when starting quickly. 

This platform and the machinery carried on it can be removed from 
under the wagon in about half-an-hour if any repairs are required, and 
enables them to be effected in an easy manner. Тһе platform being 
hung separately from the upper or load carrying one is not effected by 
by the latter being bent by the load or twisted by any inequalities of 
the road. 

The burner is at present made of cast iron, and consists of an oil 
vapourising chamber, an air-heating chamber, and a nozzle, at 
which the mixture is burnt. ‘The air is forced by the fan at a slight 
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pressure (about one-inch water pressure) through the heating chamber, 
which is heated by the flame itself, to a temperature sufficient to take 
up enough oil to form a burning mixture, it then passes through a 
port into the oil vapourising chamber, into which oil is pumped 
through a -inch diameter pipe in proportion to the air supplied, which 
is then vapourised and taken up by the heated air. In order to mix 
thoroughly the oil vapour and air it is then passed backwards and 
forwards around the burner and finally through the centre to the nozzle. 
Thenozzle consists of a cast-iron disc, two inches thick, having about 120 
holes 2-inch diameter, and at the back is fitted with }-inch plate, also 
perforated, fastening a disc of gauze wire over the holes to prevent 
back firing. 

Through the centre of the burner is fitted a wrot-iron pipe 14 inches 
diameter to allow a lighted taper to be placed in front of the nozzle 
from the outside of the burner when first starting it. Ап iron 
obstruction of grid pattern is placed in front of the nozzle to steady the 
flame and to deflect some of the heat to the walls of the heating 
chamber. 

This form of burner 15 the result of a considerable amount of experi- 
menting, it does what has never been done before, and we are informed 
is a very good patent, and, needless to say, is patented. It gives 
perfect combustion, and as no more air is supplied than what is 
required for combustion the oil is burned in the most economical 
manner. ‘There is no smell, it is almost noiseless, and, if necessary, 
can be made quite noiseless, it сап be made to burn from то {В to the 
full quantity of oil instantly or vice versa, and will burn about 200 
pounds of oil per square foot of nozzleor grate area. Тһе flame being 
pure deposits no soot or carbon, and does not injure the boiler 
tubes. 

The burner will work in any position, and as all the air is supplied 
at a slight pressure, no chimney, as with natural draught, is required. 
There is no carbon or other deposit inside the burner, as all the oil is 
taken up. Any kind of refined or crude oil can be used, as there are 
no parts to be choked up. 

The boiler consists of about 270 feet of solid drawn weldless steel 
piping 1,',-inch outside diameter, and &inch bore made into three 
сопсепігіс coils. Тһе two centre coils are made with the rings 
slightly apart for the flame or heat to pass through, the outer has the 
rings coiled closely together to prevent the heat escaping except at the 
end, and the outside is lagged with asbestos sheets and sheet iron. 
The ends ofthe two inner coils are stopped with asbestos and the 
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heat passes from the burner, which is attached to the outer coil, 
between and around the rings of the two inner coils, along between 
the outer and middle coils and out at the end furthest away from the 
burner. Тһе coils are joined together by steel unions at the back of 
the boiler. The water is pumped into the outer coil at the back 
furthest from the burner, and in its passage through the whole length 
is turned into saturated steam and, finally, before leaving, into super- 
heated steam. There is no priming because the proportions of water 
and heat are regulated, and because the water and steam pass 
through a heat which continues increasing until the steam leaves 
the boiler. Тһе boiler has been red hot while under a steam pressure 
of 400 pounds per square inch, and on one occasion when fitted with 
gunmetal unions, one burst with 400 pounds pressure without doing the 
slightest damage, except to the union. 

There is no deposit or scale inside the tubes, as the scouring action 
due to the rapid rush of steam is very great, and also because the rings 
of the coils are always altering slightly in form owing to the changes 
of pressure and temperature. 

The boiler can be forced to double its normal steaming capabilities, 
and also to double its working pressure without doing it the slightest 
injury. 

The exhaust steam from the engines is passed into the flue at the 
back of the boiler, is superheated by the waste heat, and the gases and 
steam pass invisible to the atmosphere, the outlet of the flue being 
close to the ground. 

The main engine 1s high pressure single acting, having four cylinders 
9 inches diameter by 4 inches stroke arranged in two pairs, each pair 
being set at an angle of 90 degrees to the other. Тһе crankshaft has two 
crank pins set opposite, and each pin has two connecting rods working 
on it and held by a fitting similar to those used on the “ Brotherhood” 
engines. Тһе steam is admitted to the cylinders by lift valves, one to 
each cylinder, and the exhaust is controlled by two piston valves, one 
to each pair of cylinders. — The valves are actuated by cams fitted on 
a shaft driven by spur gearing from the crank shaft. 

For reversing or changing the cut-off the shaft is moved along the 
bearing so as to bring into use a fresh set of cams, and they are 
arranged to give 2 and #-cut-off on the forward movement of the wagon, 
and j-cut-off on the backward movement, and also arranged to give 
an intermediate position, so that all the steam admission valves are 
closed at the same time, the reversing lever acting as a stop valve in 
addition to the ordinary stop valve. Тһе engine shown has six 
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valves, but future engines will have only four. А pinion wheel fitted 
on the end of the crankshaft gears into the spur wheel of the differen- 
tial gear fitted to the second motion shaft, the ratio being 2 to 1; 
the driving chain pinions are fitted on the ends of the second motion 
shaft, and wagon driving wheels are driven from these by means of 
Reynold’s patent silent chains. 

The engine runs at 420 revolutions per minute to drive the wagon 
five miles per hour. 

The auxiliary engine for pumping the feed water, oil and air to the 
burner is single acting, having one cylinder 24 inches diameter by 
2 inches stroke, it is fitted with a cam-lifted valve for the steam, and 
it exhausts through a port in the cylinder walls when the piston un- 
covers it at {ths of the stroke. The flywheel has teeth on the rim 
driving the centrifugal fan through a pinion wheel on the shaft, 
driving also an additional shaft, upon which is fitted the automatic 
governor. 

The crankshaft also drives the feed water and oil pumps through 
a separate shaft. 

The cam for lifting the valve is fitted on a sleeve working on a 
feather on the crankshaft, and according to its position cuts off the 
steam from #-cut-off to no steam. 

This movement is obtained from the governor which is also governed 
by the pressure of steam acting on the diaphragm, thus if the pressure 
exceeds its normal the diaphragm moves a lever which fixes the 
position of the balls on the governor arms, so that the engine runs at 
the minimum speed required to keep just sufficient water, ой and air 
supplied to keep the normal pressure on the boiler. 

Immediately the pressure of steam falls below the normal the dia- 
phragm ceases to act, the governor balls resume their original position, 
the cam sleeve is moved so that ample steam is given to the engine 
to drive it at the speed requisite to supply water, oil and air 
sufficient to make steam to supply the demand. Should the boiler 
be required to supply extra steam at a higher pressure the governor 
is held in by a foot lever at the driver's seat. 

The water and oil pumps are valveless, the ports being opened and 
closed by the movement given to them by the crankshaft. "They 
have not given the slightest trouble and do not require any attention. 

A double steam safety valve is fitted on the steam pipe between 
the stop valve and boiler, and is set to blow off at 500 pounds per 
square inch, and an additional water safety valve is fitted between the 
pumps and the boiler, set to return the water to the tank at 450 pounds 
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pressure, so that no further water can be forced into the boiler beyond 
that pressure, and therefore no more steam made. 

A band brake is fitted to the second motion shaft and an emergency 
brake to the driving wheels, and as the engine can be reversed, a third 
brake is available. 

In ordinary running, one steering wheel, one reversing lever and 
one stop valve handle, are all that require attention, and as the reversing 
lever acts as a stop valve and as a brake, practically only the steering 
requires attention. 

A pressure gauge 15 fitted at the driver's seat for observation, but 
does not require to be watched, as the pressure governor attends to 
the requirements of the boiler. 

The oil tank holds about 24 gallons, which is sufficient for a day's 
run. 

The water tanks have a capacity of about 144 gallons, sufficient for 
a full half-day's working. 

In starting to get up steam, about 4-pint of methylated spirits is 
poured into the tray under the burner casing ; this is allowed to. burn 
for about 15 minutes, a torch is then inserted through the lighting 
and observation hole in the centre of the burner. А handle is 
now fitted on the end of pump crankshaft, and turned for about five 
minutes, when sufficient steam will have been generated in the boiler 
to drive the auxilary engine, the handle is then removed and the engine 
goes on working at full speed, until the steam pressure reaches the 
normal, when it slows down until the wagon is started. After this 
the supply of water, oil and air is automatically governed and requires 
no further attention. 

When the wagon is not required for further use, the auxiliary engine 
stop valve is shut and the wagon is left until again required. 

Should the water supply fail, the auxiliary engine will use up the 
small quantity of steam in the boiler and then stop. Should the oil 
supply fail, the engine stops for the same reason, as no further steam 
is generated after the burner ceasesto work. In neither case is there 
any damage done to the boiler. | 

The water and oil pumps are proportioned in the ratio of 15 to 1 by 
weight, that is one pound of oil is supplied to evaporate 15 pounds of 
water, to superheat the steam before being used in the engines and to 
superheat the exhaust steam to make it invisible. 

The boiler fitted on the wagon shown will evaporate about 17 
pounds of water from and at 212° F. with one pound of ordinary 
petroleum. 
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The auxiliary engine uses about 15 pounds of steam per hour when 
running at its usual working speed. 

The normal working steam pressure is 250 pounds per square inch, 
and the steam is superheated to 600" F. 

The wagon shown is entirely an experimental one, and will be 
considerably improved and simplified. It has, however, been run most 
successfullv, and will carry six tonsat a speed of five miles an hour on 
the level. Тһе tare is just under three tons. 

As the boiler and engine can be worked to double their power when 
required, the necessity for two speed gearing for climbing hills is 
obviated, and simplifies the wagon considerably. 
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DISCUSSION. 


Dr. Н. S. HELE-SHAW said—It was some time ago that I first 
heard of the work which the author has told us about, and I felt at 
the time the very greatest interest in this problem, which has caused 
him so much work, and which I must heartily congratulate him 
upon having brought to such a successful point. I regard the work 
with particular interest as an attempt to solve the problem practically 
of a flash boiler. For two years we have had trials in Liverpool of 
motor vehicles, and I am proud to say these trials are absolutely 
unique. We have had five systems, and none of these have had 
flash boilers. I remember 20 years ago being shown one of the first 
attempts to produce such a boiler in the University College, London, 
by Professor Kennedy. The latter said he believed the flash boiler 
had a great future. With the exception of Serpellet's boiler, and that 
of Messrs. Simpson and Bodman, this is really the only solution so far 
аз I know. Iam not surprised that it has taken so long to work this 
problem out; it is a very difficult one indeed just to control the right 
amount of heat and water, and to control it in such a way that the 
motor vehicle, which requires a different amount of steam to every 
grade, is enabled to climb any hill. Тһе essential feature of this 
invention is the having of an auxiliary engine working entirely 
independent. With this engine you must have great and absolute 
economy. We also get safety with this boiler, which cannot do any 
harm even if the tube splits. 

Mr. Simpson said—As having had a good deal of experience in 
experimental work of this description, I can most heartily congratulate 
the author on what he has done. The only question that seems 
to arise 15 that, owing to the vibration and concussion in road work, 
anything in the nature of delicate machinery gives such very different 
reading to what it does when stationary, but taking everything into 
consideration, I consider it a most admirable system. 

Mr. Вормім said—I think that coarseness, crudeness, and rough 
work are а sine qua non of successful road work, and I do not 
think I should like unpreparedly to criticise the author and his 
work. 

Mr. Jonn A. BRODIE said—lI should like to ask the author whether 
he has found in actual practice that weights from 5 to 8 tons are 
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those which are carried along the line of docks, or whether he has 
come across very considerably increased weights. I have had to look 
into the question of loads at various times, and I have found that 
quite a number, particularly those loaded with bacon, are much 
heavier. 

With regard to the design of the body of the vehicle, I think the 
author, so far as Liverpool work is concerned at any rate, is on the 
right lines. I think that anyone who is accustomed to the slow 
traffic of Liverpool must have come to the conclusion that where you 
have а vehicle weighing 2 tons 5 cwts., carrying safely a load of (say) 
123 tons, you are getting such a good proportion between the weight 
of the vehicle and the weight carried that it leaves very little room 
for improvement, and it is interesting to know that even a 
mechanical engineer such as the author cannot do anything better 
in the way of designing such a vehicle than the ordinary wagon 
maker. 

With regard to the way in which he supports his motor, 
I think it is quite possible that something special in the way of 
springs to reduce vibration will be necessary, and if there is any 
such arrangement, I think it would be interesting to know it. 1 
remember some three years ago having a conversation with the author 
on this matter. І have heard a good deal from him at various times 
since of the direction of his experiments, and I am very pleased to hear 
that he has practically adopted his first idea in the matter of a genera- 
tor. Тһе first idea he mentioned was a boiler of this description, and 
I think it has a number of points which will be of considerable 
value. 

Taking the place where the air and fuel is mixed, it appears to me 
that we might have a little more information on that point, as from 
the information before me, I do not quite follow exactly what happens. 
Is the oil pumped directly into the chamber, is it sprayed, or is it 
simply a question of letting the air take up the proper quantity of oil 
in solution. . 

I did not quite follow either the point with regard to the steam. 
As I understood the paper, the water came in at the coolest portion 
of the boiler, gradually worked up to the hottest point, and was then 
carried through the cool portion again. 

The arrangement of the auxiliary engine is quite a new thing, 
and the fact that it is a simple arrangement and without valves, is a 
great advantage. 

Mr. Содвр S. Pain said—Looking at the subject from ап amateur's 
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point of view, there are points which have occurred to me which I 
have no doubt the author has thought of, but which it would be 
interesting for some of us to know about. 

The first is with regard to the action of the air going into that 
chamber. It seems to me that with fine tubes it must be subject 
to some sort of clogging action and rust would to some extent be formed. 

With regard to the steam for the boiler, the tubes, which are to be 
of steel, are exposed to the heat to such a degree that a drop of water 
is immediately converted into steam. That being so and such a very 
small quantity being required for the purpose of keeping the small 
engine at work, it would appear that there must be an immense 
amount of empty space in these tubes. If you heat an iron pipe, and 
there is nothing in it, one cannot understand why it should not scale; 
we are told that it does not. | 

We know that the roads in Lancashire are rather rough in places, 
and it occurred to me that if a lorry once stopped there would be a 
tremendous jerk given when it started again, and I wondered how that 
would be got over. It is difficult to understand that an engine so 
delicate as that could get up sufficient impetus, as it were, to drive 
the machine. 

I should like to ask whether it is contemplated constructing 
any improved form of wheel which would be lighter and more con- 
venient in many ways. І should also like to know the weight of 
this lorry. 

Mr. FRANK E. PRIEST said—One of the conditions necessary in 
such a machine is that the petroleum burner must be capable of 
burning any kind of oil. Is there any form of regulating gear to 
control the proportions of oil and air, because, unless I am greatly 
mistaken, the quantity necessary for the perfect combustion of oil 
must vary with the oil. I should also like to know, with respect to 
motor vehicles generally, whether there is any experience of their 
behaviour under conditions such as are now prevailing. 

Mr. THOMAS DuNCANSON said— Мапу of those who have previously 
gone into this subject of motor lorries have failed through want of 
platform space. "The author has not overlooked this, and has solved 
the problem in a very practical way. I should like to know what 
the quantity of petroleum per ton mile of merchandise carried 
would be. 

Мг. С. Г. BURTON said—It would be very interesting to know 
really what tests the author has given this motor wagon. We all 
know, for instance, that the bicycle has now reached its present state 
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of perfection after some 25 years incessant improvement. What 
lengths of runs has this wagon had; what loads were carried; has 
it had anything like a month's work consecutively ? 

It seems to me almost perfect, but we all know there is a good 
deal of difference between theory and actual practice in constant wear 
and tear. 

Mr. ARTHUR J. MAGINNIS said—One point appears to me to be 
the weak spot in the design, viz., the auxiliary engine; if that acts 
properly there is a future for it not only for motor vehicles, but in 
many other ways indeed, as it provides a certain and ready steam 
generating plant. It struck me that this auxiliary engine is such a 
vital part and yet is so small, that if wagons have to travel any con- 
siderable distance it would be necessary to have a duplicate; this 
would give a great amount of confidence in the vehicle. 

The President, Мг. А. BROMLEY HOLMES, said—I understand there 
is a fixed ratio between the oil pump and the water pump. І take it 
there is also some means of altering the ratios of the two pumps. 
The author says there is no deposit in the boiler. I am in doubt if 
that will have any effect upon the cylinders of the engine. 

Mr. ARTHUR MUSKER, in reply, said—Replying to the President 
first, we find that with the qualities of petroleum which are useful, it 
is not requisite to alter the proportions of the air and oil, although 
there is a bye-pass fitted. As regards the deposit in the boiler, we 
have found in the cylinders a very fine dust on the top of the piston 
which has apparently come from the boiler. 

We have a mechanical lubricator for the cylinders working from 
the engine shaft. 

I have been fortunate in having Dr. Hele-Shaw's lucid explanation 
of the system we have adopted. І regret very much that Messrs. 
Simpson and Bodmin could not see their way to give us their 
criticism. 

With regard to the weights of the lorries quoted, they were taken 
haphazard at the docks, and, apparently, my assistant did not come 
across very heavy loads. 

I am very pleased to have the commendation of the design of the 
car; it was rather a strong point with me to have it solely after the 
type of the Liverpool wagons. Тһе machinery platform is supported 
on springs which take up any vibration or pull in starting. 

The boiler tubes are not empty; they are full of steam. Тһе 
small engine has a fly wheel, but in the large engine we depend upon 
the effort of the two cylinders in starting. 
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What we are aiming at is to sell a wagon at £400, and therefore we 
cannot go in for the expense of ball bearings. The tare is about 
three tons, but I expect we can reduce that. 

Mr. Priest remarked about the oil, but there is very little variation 
in the kind of oil we get now. 

I have always maintained that the lines on which a great many of 
the motor builders are working are wrong; they do not give sufficient 
attention to the area of platform, which is the most vital point in 
the whole thing. The governing arrangement is the result of 
experiments, and has grown a little complicated, but we are devising 
a new one which will be very simple. 

As regards evaporation per ton mile that I cannot give you, but I 
may say that the evaporation of water per pound of oil is from 50 to 
100 per cent. higher than anything tried so far. In reply to Mr. Burton, 
the tests.we have made have been simple run trials. 

With regard to Mr. Maginnis's query about the small engine, I 
think he is used to very large ones. Тһе auxiliary engine is 2-inch 
stroke, and it only consists of a connecting rod, crankshaft, and a 
cam. 
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LIVERPOOL ENGINEERING SOCIETY. 


TWENTY-SIXTH SESSION. 


FIFTH МЕЕТІМС--10тн January, 1900. 
A. BROMLEY HOLMES, М. Inst. C.E., M.LE.E., 


PRESIDENT, IN THE CHAIR. 


The following gentlemen were duly elected to the Society, viz. :— 
Messrs. ALFRED CLOUGH, S. Z. de FERRANTI, WILLIAM M. Law, 
A. HAMILTON LISTER, PERCY H. NAFTEL, and JOHN SHARP, as 
Members; Messrs. Lours S. COHEN, RICHARD DART, апа W. 
RICHARDSON, as Associates; and Mr. PHILLIP У. TIPPET, as a Student. 


The President announced that the ** Derby Gold Medal" for the 
past Session had been awarded to Mr. M. TRELEAVEN READE, for his 
Paper entitled :—“Ѕоте Properties of Flexible Surfaces and Flexible 
Solids, noted in designing the *Shellbend Folding Boat,'" read at 
the Meeting on the 26th April, 1899, and the Society's Premium to 
Mr. Brysson CUNNINGHAM, B.E., Assoc. M. Inst. C.E., for his Paper 
entitled :—“ Engineering Formule," read at the Meeting on the 8th 
March, 1899. 


PRACTICAL NOTES ON SOUNDING ІМ 
BAYS AND ESTUARIES. 


Ву EDWIN SUTTON CORNISH. 


VARIOUS papers have been read before influential societies under 
headings of ‘Sounding Apparatus,” and numerous patents taken 
out for machines to develop greater accuracy in sounding and safety 
to lives and property ; but as far as the author's knowledge goes the 
necessary state of accuracy, combined with speed of obtaining 
soundings, has not as yet been attained. 
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On 3rd June, 1891, Professor Lambert, M.A., Royal Naval College, 
Greenwich, read a paper before the Royal United Service Institution, 
Admiral Sir John Dalrymple Hay, Bart, K.C.B., F.R.S., &c., vice- 
president, in the chair; the following gentlemen taking part in the 
discussion—Lord Kelvin, Capt. Wharton (Hydrographer to the Navy), 
Admirals Colomb and Selwyn, and Mr. Jacob Hill. 

On ist December, 1891, Mr. James Dillon (President of the 
Institution of Civil Engineers in Ireland), read a paper before that 
Institution. 

On 9th December, 1891, Mr. Ivan C. Barling, Assoc. M. Inst. C.E., 
read a paper before this, the Liverpool Engineering, Society. 

These papers give an exhaustive description of the various attempts 
made by many to deal with this subject—Sounding—and the great 
necessity of attaining it, but as gentlemen of such professional status 
and ability have, for the past twenty years, been devoting their 
energies to this subject the author will not presume to follow them but 
endeavour to treat upon points only in which he has met difficulties. 

The author’s difficulty has been to give a reason why surveys, made 
over the same area, week after week, with the same implements and 
men and under similar apparent conditions of weather, would at times 
show a retrograde movement and at other times an undue improve- 
ment, although the undertaking was proceeding at a constant rate. 

This necessitated my investigating the principle of sounding through- 
out. Commencing with the head line it was found that the material it 
was composed of was an important factor, green hemp producing the 
most reliable line and being most easy on the leadsman's hand. But 
even this required to be specially treated before you could rely upon 
it for a time. 

The treatment was as follows :— 

Tow it astern with a piece of timber attached to it for an hour. 
This will stretch it and take the turns out of it. While it is wet mark 
it off in fathoms and feet upon the standard usual on the surveying 
tender’s deck. Then pass it on to the bridge for ship’s use, carefully 
adjusting it from time to time until it is found to stand, when it is put 
away as a surveying line, another being made for the ship’s use. By 
this system only can a stock of reliable lead lines be kept up on board. 

The author’s experience is that each leadsman should have his own 
line, which he should soak and have verified on the standard, before 
and after use, by an officer, and if necessary re-adjusted before re-using. 
He further found that for accuracy it is necessary to have a check 
reading upon the leading man, as they will seldom give the mark that 


59 CORNISH ON BAYS AND ESTUARIES. 


is only in the water, their early training on board ship being to give 
short water, from which it is particularly hard to break them. This in 
itself means a foot loss, and as it means 1,000,000 tons of material 
removed to attain it, you can imagine the author's anxiety upon 
these apparently trivial points. These remarks apply to smooth sea, 
but in choppy water or a smooth sea and ground swell it is more 
than ever necessary to have a check, as an error of two feet could 
easily creep in. 

These difficulties have given the impetus for a machine to take 
the leadsman’s place and bring the sounding under the surveyor, 
assistant, or pilot and master mariner. 

It has been often noticed that quartermasters in the chains of ingoing 
steamers leading over the bar—the speed being from six to eight 
knots—calling out ‘10 fathoms and no bottom” when it was 
known there was only 6 fathoms. These vessels at the time could 
not have been considered to have more than reasonable steerage way 
upon them, considering their size and the tortuous narrows they had 
to confront. 

The next consideration was the gauge reductions with respect to the 
Bar and shore gauges, the positions of which are marked on the Bay 
Sheet. 

For this comparison a few tides during the month of April, 1895, 
when the weather was suitable were observed. 

A buoy was fixed as a station for sounding in close proximity to the 
Bar, and at low and high water observations were made every five 
minutes until the flood or ebb tide had declared itself, after which 
the observations were every 15 minutes. A chain lead was used for 
taking these observations. 

Before referring to the tidal diagrams it should be stated that 
the gauges at George's Pierhead, North Wall, and Hilbre Island 
are self-registering, and that on Formby Foreshore is read in the 
summer from 6 am. to 6 p.m., and in the winter from daylight 
to dark. 

The observations of the rise of the tides taken near the Queen’s 
Channel Bar being without a datum the high water of each tide 
observed has been so many feet and inches below the actual high water 
at George’s Pierhead as published in the Liverpool Bay Table. 
Time taken as Greenwich for all observations. 

Tidal Diagrams, Sheet No. 1, Plate 7. — Оп the left hand is plotted 
the observat:on of the flood of a 9 feet 9 inches above old dock sill 
tide to compare with that of Formby gauge readings, which shows a 
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difference of 1 foot 9 inches at low water and would have shown but 
а very slight difference at high water if the gauge had been read on. 
You will observe that the Bar observations show a smaller ebb. 

On the right hand of Sheet No. 1 is plotted the observation of the 
flood of a 12 feet 11 inches above old dock sill tide to compare with 
that of Formby gauge readings, which show a difference of 0 feet 
3 inches at low water and 0 feet 3 inches at high water, and, during 
the flow, 1 foot O inches to 0 feet O inches. Тһе total rise of this 
tide was the same at both places. 

Sheet No. 2, Plate J.—On the left hand is plotted the observation 
of the flood of a 9 feet 9 inches above old dock sill tide to compare 
With that of Formby gauge readings, which show a difference of 9 feet 
3 inches at low water and 0 feet 1 inch at high water, and, during 
the flow, 2 feet 6 inches to O feet 3 inches. 

On the right hand of Sheet No. 2 is plotted the observation of the 
flood of a 12 feet 11 inches above old dock sill tide to compare with 
that of North Wall gauge, which show a difference of 0 feet 7 inches 
at low water and 0 feet 2 inches at high water, and, during the flow, 
1 foot 9 inches to 0 feet 0 inches. Тһе rise of this tide was 9 inches 
less than North Wall, or the same difference as given in the Bay and 
River Tables. 

Sheet No. 3, Plate J[.—On the left hand is plotted the observations 
of the flood of a 9 feet 9 inches above old dock sill tide for comparison 
with the Hilbre Island gauge record, which shows a difference of 
2 feet 6 inches to 0 feet 11 inches, the high water of this tide on 
the Bar being higher than Hilbre Island. 

On the right hand is plotted the observations of the flood of a 
12 feet 11 inches above old dock sill tide for comparison with the 
Hilbre Island gauge record, which shows a difference of 0 feet 10 
inches at low water and 0 feet 10 inches at high water, and, during 
the flow, of 2 feet 2 inches to 0 feet 5 inches. In this case the high 
water on the Bar is highest, and takes an irregular course before 
high water. ' 

Sheet №. 4, Plate ГГ. —Оп the left and right hands are plotted the 
observations of the floods of the 9 feet 9 inches and 12 feet 11 inches 
tides on Sheets Nos. 1, 2 and 3, for comparison with the published 
bay tables for the use of pilots, master mariners, and others. It would 
be interesting to know what margin of safety these navigators allow 
when compelled through circumstances to be guided by this informa- 
tion, as no doubt the experiences of years of results have suggested 
а constant for safety under existing conditions, as this coast is not like 
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a rock-bound coast, where the levels of the different shelves of rock are 
known and give the deductions. 

Sheet No. 5, Plate ГГ. —Оп the left and right hands are plotted the 
observations of a flood of a 19 feet 4 inches above old dock sill tide, 
taken near the Queen’s Channel Bar, to compare with the North Wall 
and Hilbre Island gauge records. As the high water of this tide was 
10-49 p.m. the readings for Formby were not procurable. 

On the left is the North Wall comparison, the differences being 
1 foot 5 inches at low water and 0 feet 2 inches at high water, and, 
during the flow, 1 foot 5 inches to 0 feet 0 inches. The total rise of 
tide on the Queen's Channel Bar was 1 foot 3 inches more than at 
North Wall. During the flow it is noticeable in this tide the closeness 
to that of North Wall. 

On the right is the Hilbre Island comparison, the differences being 
1 foot 3 inches at low water and 0 feet 7 inches at high water, and, 
during the flow, 2 feet 0 inches to 0 feet O inches, the total rise of the 
tide at the Queen's Channel Bar being 1 foot 10 inches more than at 
Hilbre, and it is noticeable that low and high water was greatest on 
the Queen's Channel Bar. 

Having pointed out the various differences of the three flood obser- 
vations taken on the Queen's Channel Bar, when compared with the 
shore gauges—which are situated from 44 to 81 miles from the Bar— 
it is necessary to suggest the care involved in producing accurate 
surveys of bays and estuaries for engineering data. These erratic 
movements of the tides, as shown on diagrams, suggest a cause, 
considering they are produced by the southern and northern tidal 
flows, meeting in this and Morecambe Bay, which forces are likely 
to be increased or diminished by distant winds during a flood or ebb 
tide. The erratic differences may chiefly be put down to these causes, 
as the author has often noticed the effect of distant gales without an 
air of wind blowing in the vicinity. 

We next have to consider how to work with safety under these 
varying conditions, and have come to the conclusion that sea gauges 
are a necessity, and failing getting them through their expensive 
character, that selected spots, having a known level for years, should 
be buoyed for the use of the surveyor and mariner, so that the 
surveyor could take the rise and fall and compare with the shore 
gauge, and the mariner get an accurate cast of the lead prior to risking 
his ship and cargo of from quarter to half a million value in shoal 
water. We can, under these circumstances, sympathise with the master 
mariner or pilot whose reputation is at stake if they fail to utilise the 
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modern improvements to their fullest extent with but imperfect data 
to work from. 

For the past three years attention has been devoted to the pro- 
duction of a continuous, automatic, self-recording sounding machine 
to take the place of the hand lead, and we have had two successful 
exhibitions of it, in a crude form, in Liverpool Bay, the results of 
which no doubt many of you will have read in our local press. 

Attention is drawn to the latest drawing which it is proposed to try 
up to 40 fathoms at a 10-knot speed (see Plates III. and IV.). The 
lead is a disc towed by three steel wires ‘060in. by ‘250in. = 3,100 
pounds B.S. These wires have intermediate discs placed so as to 
destroy the parabolic curve of the tow wires and assist the lead 
disc in descent when travelling at high speeds. It also reduces the 
length of tow wires, as with this arrangement the disc will descend to 
over three-fifths of the length of tow wires. 

You will observe that the three tow wires are attached to the 
shaft of the open drum and have wheels and screws whose duties are 
as follows :—The two upper tow wire wheels steer the discs at will 
and also adjust any difference of length in the wires. The lower 
wheel, which works on a double-thread quick-pitch screw, adjusts the 
angle of the discs for descent and ascent, which actions can be done 
without reducing the speed of the vessel. The discs, so controlled, 
descend owing to the velocity passing over their surfaces due to the 
vessel passing through the water. The ascent is due to the velocity 
passing under the discs from the same cause. By this principle an 
increase of velocity or speed of vessel produces increase of energy on 
the part of the discs. 

To the top of the end disc is attached ‘the lead line wire of 
steel “087 in. diameter, having a breaking strain of 270 pounds— 
=110 tons per square inch—which passes through a single sheave 
block of special design that is attached to the end of the disc-float 
which 1s towed astern for the purpose, and then on to its own 
drum wheel, which forms part of the registering machine, which is 
attached to the frame of the drums for towing wires of lead and 
float discs. | 

Тһе action of the lead line wheel is controlled by a series of coil 
springs, so constructed and arranged that their resistance to the out- 
going lead-line increases in the same ratio as the resistance due to 
the depth of water into which it is descending. In the previous trials we 
had a twin-block arrangement of 20 to 1, which gave very satisfactory 
results, but did not increase the pressure on the lead-line, as the 
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depth increased, automatically, which the present arrangement 
will do. | 

The register is worked by a pointer being attached to the shaft of 
the last wheel of reducing gear, which, being reduced to one revolu- 
tion, permits the pointer to traverse over the face of a graduated disc 
which is marked in fathoms and feet. This graduated disc can be 
illuminated by night for reading the soundings. 

The whole of the foregoing arrangement can be easily fixed to work 
over the stern of any steamer or ship, and where the length of the 
vessel exceeds the length of the wire tow ropes at her sides. 

The disc float is composed of wood and is towed with the same 
length of wire as the tow wires of the lead disc. At the bottom of 
the float is an eye to which is attached its own towing wire, also the 
special one sheave block for the lead line wire. Тһе principle of this 
float is similar to that of the lead disc when ascending, viz., owing to 
the velocity of water passing under the wooden disc it is prevented 
from towing under. 

It is quite possible to acquire from the registering shaft the motive 
power to work an automatic contouring machine which machine could 
receive its traversing motion from a log towed astern. The advantage 
of this machine over the present system is at least a saving of 50 per 
cent. of the present cost of Marine Surveys, as under the present 
system of surveying a speed of two to three knots per hour is the 
maximum advisable in 10-fathom casts, and with expert leadsmen you 
will only obtain a cast or sounding every 100 yards and are liable to 
miss pinnacles which you would not do with a lead continuously 
travelling over the surface, as in the case of the machine, which would 
contour accurately at twice the speed. 

At high rates of speed we imagine it to form its own contours 
between pinnacles, as the short distance between the summits being 
traversed quickly by the vessel might not admit of sufficient time 
for the lead to descend to the valley before the lower wire of the disc- 
lead would be touching the leading summit and commence to influence 
the disc lead in its ascent. 

It may here be mentioned that, during the author's connection with 
the River Wear Commissioners, Sunderland, pinnacles of rock were 
found on carefully surveyed ground a short distance outside the river 
bar by a hopper's rudder being unshipped in passing over them in a 
slight swell. Тһе hull of the hopper was not touched. Thousands of 
vessels bound south had passed over these pinnacles, and when the 
circumstances were reported to the authorities they would hardly 
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credit the statement and give the necessary authority to remove them. 
It fell to the author's lot to find them and locate their position, which 
proved a difficulty. With the hand lead he was unable to do so, 
and resorted to the suspension of a long railway metal under a tug- 
boat's bottom, and in this manner, with it suspended at different 
levels, traversed over the reported area and was eventually brought to 
a stand. There a buoy was dropped to mark the spot. 

The diver was sent down and he sent up the hopper'slost iron tiller and 
several pieces of iron stern posts, and further, fixed the end of a sounding 
pole on each pinnacle, whose area was so small that we on the surface 
could not hold the pole thereon without his assistance. Having located 
them, we were ordered to remove them, which was done by applying 
loose charges of gelagnite to their bases. 

For the use of master mariners and pilots in dark and thick weather, 
when all land marks and lights are invisible, it is claimed that, by 
their judicious reference to the chart and the register produced by 
this automatic sounding machine, the navigator is continuously 
warned of his change of depth of water, and in the case of making 
undue leeway through erratic movements of tides when considered 
to be on a safe course, as instanced by the “City of Paris” a short time 
since, it is invaluable for the safety of life and property. 

If desired, it is possible to arrange the registering pointer to create 
an alarm at any desired depth of water up to the 40-fathom limit of 
the machine. 

In conclusion, the author desires to thank his chief, A. G. Lyster, 
Esq., M. Inst. C.E., Engineer-in-Chief of the Mersey Dock Estate, 
for his kindness in allowing him to utilise some of his records for 
the production of this paper, and further to thank you, Mr. President 
and gentlemen, for your patient hearing of what must be to many a 
rather dry subject. 


Mr. Hope. 


Mr. Pain. 


Mr. Cooper. 


A Visitor 


Mr. Reade. 
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DISCUSSION. 


Mr. Avaric Hope said—One point to which the author called 
attention was the erratic movement of the tides shown on the 
diagrams. Не put this down to the effect of meeting tides outside 
the Bar, and also to winds. It seems to me possible that a buoy, 
with a mooring chain long enough to allow for a 30-feet rise and 
fall of tide, will have such freedom of motion, that its change of position 
will be considerable. The result will be that the bottom level in 
its neighbourhood, supposed to be fiducial, may actually vary to a 
degree quite sufficient to account for the discrepancies mentioned. 

Mr. CoaRp S. Pain said— Apart from the difficulty mentioned by 
Mr. Hope, there is always a difficulty in getting what you might 
call your top data. | 

Mr. F. E. CooPER said—I do not know whether, in taking these 
records of the tides, it is thought necessary to make any connection 
between the time of high water at the different points. There is, for 
instance, very considerable difference between the time of high water at 
the Bar and at the George's Pier Head, and at the latter point I under- 
stand a record of the state of all tides is kept on graduated charts. Іп 
order to be able to plot a section of a series of soundings taken at the 
Bar, where I assume no fixed bench mark is obtainable, it seems 
necessary to establish a connection between the state of the tide at the 
Bar for any minute of the day, and that of the tide for the same 
moment at (say) the George's Pier Head. Тһе soundings apply to 
that spot only where they were taken; is not their application restricted 
also to the time (say) after high water when they were taken? 

A VISITOR said—I should like to ask if any allowance has been 
made for the variation in the record of the depth due to the disc 
being connected to an arm which describes a curve. If the boat 
were passing (say) one or two fathoms above a ridge, and then came 
to a rather deeper part, I think the contour would not be anything like 
correct. 

Mr. M. TRELEAVEN READE said— The last speaker has partly 
asked a question I wished to ask. .15 the reading arrived at 
directly from another line at the stern, oris it ascertained indirectly from 
the observed angle of the tow line? 

The records of the varations in level of the water at the tidal gauges 
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are most interesting. Tidal action, of course, is due originally to one 
primary wave, but near the coast there are a number of subsidiary 
tidal waves, and probably the variations are principally due to the 
various influences of these waves. The author has told us how 
these are produced. 

Mr. EDWIN S. CORNISH, in reply, said—With reference to Mr. 
Alaric: Hope's remarks, the erratic movements of the tides as shown 
on the diagrams are in my opinion due to a lifting of the water at 
varying points where the forces mentioned are brought to a state of 
equilibrium. "The mark buoy denoting the position for observing the 
rises and falls of tides on the Bar had not a long range, and was only 
awash at high water, and further, before the buoy was fixed the site 
was carefully selected by sounding as to its being a flat. | 

Referring to Mr. Cooper's query, the actual times of high water 
are shown on the diagrams as they occurred ; Greenwich time being 
used throughout. Under ordinary conditions of weather there is a 
difference of about 20 minutes in time between high water at the 
Bar Light Ship and George's Pier Head, as you will notice in referring 
to Sheet No. l. I may also direct your attention to the high water 
period of Sheet No. 4, which would lead you to believe that high 
water had occurred some time before the actual high water, the flow 
ceasing for 20 minutes, and then flowing on for 55 minutes and 
rising one foot. 

Accuracy of Greenwich time is necessary for surveying, so that 
correct allowance can be made in the gauge reduction for soundings 
taken under the ordinary condition of weatherand tides. "The object 
of my paper is to draw attention to the difficulties that attend the 
production of marine surveys sufficiently accurate for engineering 
purposes, also the care necessary to attain that end. 

Due allowance has been made for the difference between the actual 
length of lead line wire out in parabolic form below the surface and 
the vertical distance or sounding, by careful observation of the chart 
and actual soundings with the old lead and line or blue pigeon, 
the recording dial being graduated to the vertical sounding. 

In contouring over irregular surfaces for surveying purposes, the 
speed of the vessel would be required to be regulated to the speed of 
descent of the lead disc, which is readily ascertained by placing your 
hand upon the lead or towing wires, when you will feel the lead working 
on the bottom, and if the speed is too great it will jump, resembling 
the pluck of a large fish at a fishing line. 

In the case of a narrow chasm the two ropes of the disc would not 
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Mr. Cornish. allow it to descend to any depth, and under these conditions the 
ordinary sounding lead would in all probability fail to find it, as it is 
а good leadsman that can give accurate soundings in 10 fathoms of 
water every 300 feet, with a vessel passing through the water with 
only steerage way or dead slow. 

Mr. M. T. Reade's question leads me to remark that the pointer of 
the graduated dial marked in fathoms and feet, is actuated or governed 
by the actions of the lead disc, the connection being the lead line 
wire, the slack line of lead wire being taken in by a series of coil 
springs, which keep a regular strain on the wire; for descent the 
power of the lead disc overcomes that of the springs. Тһе spring 
arrangement is manufactured by Messrs. Salter & Со., of West 
Bromwich. 
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DEFECTS IN IRON CASTINGS. 


Ву DAVID BROWN. 


I НАУЕ confined this paper to the defects of iron castings only, for 
two reasons, viz., in the first place to have touched on any other 
metals would have extended the paper beyond all reasonable pro- 
portions, as the subject is one on which a series of papers might be 
written, instead of attempting, as I am doing, to cover such a large 
field in one evening. Тһе second reason is the fact that the defects 
of iron castings are common to most other castings, with a few ex- 
ceptions, which are due to the characteristics of the metals employed. 

I am writing this paper, not as a means of teaching the skilled 
founder his business, although he, like every other intelligent man, 
is never above accepting advice or taking hints from another's 
experience, but to point out the most likely defects and where they 
are to be looked for in the general run of castings. 
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Every engineer knows that in inspecting a boiler there are parts 
which are more liable to defects than others, and it is exactly the 
same with castings. It is a well-known fact that a great many of our 
best achievements in engineering, as well as other professions, are 
based on the experience and knowledge gained from failures in 
previous undertakings. In no branch of engineering is this impressed 
on. one more than in founding, and the successful founder of the 
present, as well as he of the past, is the man who studies well his bad 
castings to find the cause of their defects, and from the result 
acquires the knowledge requisite to show him the best means to 
adopt for their prevention in the future. He cannot plead lack of 
opportunity, for the causes of failures in castings seem so multifarious 
and varied, that it is impossible at any time to avoid a certain per- 
centage of bad castings, especially in a foundry doing a variety of 
work. 

In a foundry limiting itself to one class of work only, this per- 
centage is, of course, reduced to a very fine point. A striking 
instance of this, is the type of foundry represented by that of Messrs. 
Green, the well-known economiser firm, the facility and certainty 
with which they can turn out their castings enabling them to produce 
their finished economisers at a price per cwt. for which no jobbing 
foundry could make the castings. ОҒ course their foundry is built 
and arranged for these castings only, and would be of no use whatever 
for any other class of work. 

There is no class of work which can give one more anxiety than 
founding does in the interval of time between the casting of some 
large piece of work (which has probably been some weeks in pre- 
paration) and the time when it is possible to inspect it; as the dis- 
covery of any blemish or defect would condemn it—for the founder 
knows that no matter how much care or trouble he has spent upon 
the preparation of the mould, some trifling unforeseen fault will ruin 
the results of all his labour. 

A rather humiliating feature of having a large casting bad or 
defective, is that together with the inconvenience and financial loss, 
you must quietly take all the abuse of an exasperated client, who has 
possibly to experience a vexatious delay, and does not realise that you 
would willingly have saved him as well as yourself from the con- 
sequent loss if you could. 

This fact should be borne in mind by any who may some time be in 
a position where they are called upon to give a verdict as to whether 
a certain casting is fit for its special purpose or not, owing to some 
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blemish; as it is not an uncommon case for a founder to have castings 
thrown back on his hands, through the caprice of an inspector who 
has condemned them for some trifling fault, which in no way affects 
their appearance or strength. 

The founder fully appreciates any consideration shown on this 
point, and is greatly encouraged by finding the people for whom he is 
working are cognisant of the difficulties attending his business. 

I must say that in Liverpool we suffer very little at the hands of 
most of our consulting or superintending engineers, due to an intelli- 
gent acquaintance with the risks attached to founding, especially so in 
the case of castings made for hurried repairs, when there is so little 
time for everybody concerned, and which constitutes the major 
portion of our work in Liverpool. 

The defects common to castings cannot be placed in any particular 
order, except it be that we treat them according to the frequency 
with which they are to be met with. 

In that case, the first is a very common one indeed, viz., the presence 
of blown holes in castings. These are due to a variety of causes, 
such as damp sand, defective cores, want of proper venting, and the 
fact of rises or flow gates, as they are sometimes termed, either being 
too small or not properly situated. It will be readily understood that 
on melted iron coming in contact with damp sand, steam and other 
gases are generated which, in many cases, not being able to escape, 
occupy a certain amount of space to the exclusion of the metal, and 
naturally form recesses, or, as they are termed, blow holes, which are 
very detrimental to the strength and appearance of a casting. 

One aggravating feature of this defect is, that in a great many cases, 
it is not detected until the casting has been machined, which, in the 
case of a large casting, means a serious loss of time in the machine 
shop, in addition to that lost in the foundry. When the defect is due 
to damp sand, great care has to be taken by the moulder to see that 
his sand contains no more moisture than is absolutely necessary. In 
some classes of castings, this is not such a simple matter as would at 
first sight appear, for if the sand is too damp, we have blow or air 
holes; while, on the other hand, if the sand is not damp enough, the 
appearance of the casting may be spoiled, owing to the sand not 
having enough cohesion to enable the moulder to work it up to a very 
sharp clear edge in parts where it may be necessary to do so. 

A very great excess of moisture or an accumulation of water leads 
to far more serious results than blow holes, as explosions have taken 
place over and over again from these causes, especially in districts 
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where it is difficult to get a fair depth of pit for large work without 
striking water. In almost all cases, castings of the nature of pipes, 
rolls, &c., are specified by the engineer or architect to be cast on end, 
but in some foundries, owing to the proximity of water to the surface 
of the ground, the founder has to run his castings on an incline, 
instead of vertical, and as there are very few foundries where he 
cannot get a head of 20 feet, which means 60 pounds to the square 
inch, there is no appreciable difference in a casting cast on a fair 
incline, to one cast vertical, as regards the closeness of the metal due 
to a good head. 

Cores are a great cause of blow holes in castings, owing to their 
not being dried, or want of proper means of taking away the gases 
generated when the hot metal comes in contact with sand or loam, of 
which the cores are composed. As the position of rises or flowgates 
is the source of other defects as well as blow holes, I will refer to it 
later on when dealing with different methods of running a mould. 

I have mentioned ineffective venting as one of the sources of blow 
holes. Тһе proper venting of a mould is of the utmost importance, 
and in the case of intricate designs of castings, such as jacketed 
cylinders, &c., requires a considerable amount of care and attention 
on the part of the moulder. Large flat surfaces, or sections of a very 
light nature, require comparatively very little attention ascompared with 
castings of a heavy design, with, say, a box ог any other section, where 
parts of the mould are almost or completely surrounded with a heavy 
body of metal. 

Another consideration is the class of sand or loam in which the 
mould is made. If of a very porous or open nature, it naturally does 
not require the same attention as when it is of a closer or more clayey 
nature. Asa rule, venting is a subject which receives but scant at- 
tention on the part of designers, and in most cases the moulder is 
left entirely to his own devices. То make the commoner forms of 
venting more clear, I might just take one or two practical examples. 
Take the case of a large propeller blade, which is moulded on the 
floor in greensand. А hole is dug out 12 or 15 inches deeper than 
required for the pattern. Тһе bottom is levelled off, and a layer of 
ashes 4 or 5 inches thick laid all over, and then covered with sand 
of a depth of several inches, according to the thickness of the section 
of the casting. 

The pattern is then placed on this bed, and the usual processes of 
ramming up, jointing, and fitting on of the top part gone through. 
While this has been going on, care has been taken to have two or 
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more large pipes rammed up in the sand leading from the ash bed into 
the atmosphere above the ground level, in such a way that they are 
clear of the top part of the mould. 

The venting of the top partis a а simple matter, and 
simply takes the form of passing a vent wire through the sand in the 
moulding box down to the top of the pattern, this being done freely 
over the whole surface. Тһе top having been taken away and the 
pattern lifted out, the vent wire is used all over the bottom side of 
the mould, care being taken that it passes right down to the ash bed. 
It is easily seen from this arrangement of vents that the gases in the 
bottom have a free passage down to the ash bed, and then from there 
through the pipes to the atmosphere. 

The upper ends of these pipes are usually filled with straw during 
the time the mould is being made and finished, with the object of 
keeping them clear of sand, and affording a ready means of igniting 
the escaping gases during casting. А propeller blade made in loam 
is vented through the joints of the bricks, of which the mould is made, 
by ashes and straw on the same principle as the ash bed. Another 
example showing another form of venting is that of a large girder of 
Н section. After the pattern is drawn out of the sand, the centre 
portion of the mould, which really is the space between the top and 
bottom flange, is well pierced all over by the vent wire. Another 
long bent wire is then used from two channels cut in the joint of the 
mould, connecting the first vent holes with the surface. This is the 
means adopted in nearly all cases of box or girder-sectioned castings, 
such as bed plates, or where an ash bed can be done without. | 

The last example of venting I will take, is that where we have а 
core almost completely surrounded by metal, such as the core form- 
ing the interior of a marine piston. This is one of the cases where 
the engineer must subordinate his wish to the moulders' necessity. 
Тһе ideal piston would be one without the holes which require plugs, 
and which are always more or less a source of danger, but which the 
moulder cannot possibly do without, for two reasons, viz., for venting 
and for clearing the core out of the casting. Such а core is built up 
of irons and core sand with ashes in the centre for venting, which are 
connected through vent holes in the plug core to the ash vent in the 
bottom or top of the mould, as the case may be. 

There is one point here I would like to speak of in passing, that is, 
the difficulty often met with in extracting large cores through small 
openings, as in the present case. You can easily see that it is not a 
light task, especially when you remember that the core is built up 
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on a rough iron framework. ‘This framework is generally made of 
light cast iron, so that it can be broken up in small pieces to facilitate 
withdrawal. 

Another typical case illustrating this difficulty, is large cylinder 
steam ports. When these are a great length it is impossible 
to inspect them with the eye, and very often large pieces of core iron 
have been left in the ports greatly obstructing the steam area, and 
sometimes working their way into the cylinder. In other classes of 
casting, where the total withdrawal of the cores is not such a necessity 
as in the cases given, I am afraid a good percentage is now and then 
left behind by a careless dresser, and paid for by the buyer 
at the same rate per cwt. as for the casting. 

The next most common defect in castings to blow holes, is the 
presence of dirt or impurities. This defect 15 almost without fail to 
be found in the top side of the casting, owing to the impurities being 
of a less specific gravity than the iron. It is due to a variety of 
causes: the mould not being properly cleaned from loose sand, impurities 
in the metal itself, or part of the mould which has not been properly 
stiffened being carried away by the wash of the metal. Мо matter 
how careful you may be, it is almost impossible to keep a large mould 
which may require two or three days to close, free from loose sand, in 
which case, while taking all due precautions to keep the mould clean, 
provision is. made to minimise the effect of its presence. What I 
mean by this, is best explained by taking the example of a large steam 
cylinder again. These are, as а rule, cast vertical. То keep any dirt 
which may be lodging in the mould from catching on the port cores, 
or other auxiliary cores when casting, precaution is generally taken to 
have the one core clear of the other, so as to leave a clear passage 
for any dirt to rise to the surface. 

The impurities in the iron in most cases can be skimmed off its 
surface in the ladle previous to casting, and are easily kept clear of 
the mould with a little care. Parts of the mould being washed away 
is not always so easily got over, but is always a difficult matter where 
you have any overhanging or very light projections of sand exposed 
to the wash of the metal. What is generally done is to stiffen the 
sand up as much as possible with irons or nails which are not, of 
course, exposed to the metal. The great redeeming feature of this 
defect, is the fact of its always being on the top side, and for this 
reason care is always taken, where one part of a casting is more par- 
ticular than another, to have that part on the bottom. In allowing 
for machining it is usual to allow considerably more on the top than 
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the bottom. In other castings which are machined all over, if possible 
the casting itself 1$ lengthened some inches on the top, or a very large 
head or runner is made, the former being more preferable. Ап 
example of this, is a large liner for a marine engine cylinder. "These 
are always cast 6 to 9 inches longer than the drawing or pattern, and 
afterwards have the additional length cut off in the lathe. 

Careless casting is very often the cause of dirt showing on the surface 
ofacasting. Anyloose sand or other matter lying about the runners or 
gates is so easily carried into the mould with the wash of the metal, 
that care should always be taken to avoid this. 

Another cause of dirt on the surface of a casting as well as any other 
part, is what is known as a crushed mould ; that is, for example, if two 
parts of a mould are being closed together, owing to the one not being 
properly guided on to the other, some part is broken away and falls 
to the bottom of the mould. Тһе only way to avoid this is to have 
good guiding pins in the moulding boxes, and keep a sharp look out 
when closing, especially if using a bad crane. А crane with the 
least tendency to jerks in the chain when heaving or lowering should 
not be tolerated in a foundry. 

Bad fitting cores are a great source of trouble with regard to 
crushing, and can only be remedied by using great care in closing. 

The actual running of the metal into the mould, as well as the 
arrangement of runners, &c., for doing so, are about the most critical 
points in the manufacture of castings, and have to be conducted in a 
very careful and intelligent manner. Next to the surface of a casting 
there is no part more liable to defects than the gate, as it is technically 
termed, or the part at which the melted iron is run into the mould. 
There are quite a number of considerations to be studied in selecting 
the point at which it will be best and safest to run the mould, and in 
cases where large numbers of castings are made off the one pattern, it 
is very often fixed after a series of trials in various parts of the casting. 
The two great points are to see that the runner is so placed that it will 
be clear of the most vital part of the casting, and will allow of a good 
flow of metal into every part of the mould. 

If one runner does not permit of a good flow of metal to all parts, it 
is usual to use two or three. For instance, in casting long thin plates, 
the metal if run at one point only, would be so chilled by the sand, 
that it would probably be solid before it reached the extreme parts of 
the mould. For this reason, it is necessary to have two or more 
runners, and to have the metal very hot and fluid. И sounds rather 
curious to talk of melted metal not being hot enough to run certain 
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castings, but the founder knows from experience that if he wants the 
outlines of a casting of light section to come out with sharp, clear, well- 
defined edges, he must have his metal very hot. There аге a great 
many classes of iron that will not run fluid no matter how hot they are, 
and of course for this class of work must be carefully avoided. It is 
usual to cast this class of work about the middle of the cast, when the 
furnace is properly heated up, and the conditions are all in favour of 
getting thoroughly hot and fluid metal. On the other hand, it is just 
as easy to have the metal too hot for a heavy class of casting, with the 
result that it burns into the sand of the mould, and instead of a nice 
blue skin on the casting, it has a very rough white burned looking 
appearance. This applies more especially to green sand than loam or 
dry sand moulds. 

The size of runners is a matter of experience, but is limited on the 
one hand by the necessity of an easy flow into the mould, and on the 
other, by the danger and difficulty attending the removal of an 
excessively large runner from the finished casting. It is very difficult 
to pour large quantities of metal direct into a mould without carrying 
in large quantities of air, particles of loose sand, or impurities in the 
metal. This is got over by the use of a large basin, from which a series 
of runners lead into the casting. Тһе mouth of the runners is kept 
closed by means of iron plugs until the runner is quite full, and then 
lifted away. Of course no air can then get in, or impurities either, as 
they float on the surface of the metal in the basin, which is kept as full 
as possible until the mould is filled. Ifa mould is very deep, or has 
much delicate sand work about it that might be injured by a sudden 
rush of metal, then the runner is generally formed outside of the 
mould, and carried to the bottom, where it is allowed to flow in much 
easier than if run direct. 

The most aggravating mishap that can occur, to add to the worries 
of a founder's existence, is for him to cast some large mould short, 
particularly if it is one that has required a great amount of attention 
and care. To avoid this, besides being very careful to calculate the 
weight of the casting with due allowance for runners, heads, &c., he 
must know exactly the capacity of his ladles, which is sometimes a 
varying quantity. Аз the ladles are coated with sand to keep the 
melted metal from burning the side out of them, it is sometimes put on 
thicker than at others, and so is apt to be deceptive if the ladle's 
capacity is taken for granted. 

When a mould is run short, it is very little use pouring in extra 
metal taken from the furnace, as it always shows more or less as a flaw, 


BROWN ON DEFECTS IN IRON CASTINGS. 69 


and ifthe casting is of a very light section, the extra metal will not 
unite at all with the original. 

Next to a careful arrangement of runners to avoid defects in castings 
is the arrangement of risers. 

Everyone knows the difficulty in filling any hollow vessel or space 
through a small orifice, which has to allow of the escape of air as well ; 
and how much easier and better it is if a separate means is arranged 
for the escape of the enclosed air. This is the principal use of a riser, 
and it is for this reason situated on the highest part of a casting if the 
runner is not already there. In the case of castings of irregular shape, 
having several high points, a riser is placed at each, to avoid as far as 
possible entrapping any air in the mould. Risers are very useful for 
what is technically known as feeding ; runners are sometimes used for 
the same purpose. Feeding is resorted to as a means of allowing апу 
air in the metal to escape for one reason, but principally to avoid what 
is known as a casting which is drawn. Тһе outer portions of any 
heavy body of metal cool first, and the central last, with the result 
that if nothing is done to counteract the effects of the contraction of a 
heavy mass of metal, either a cavity is formed under the surface, or 
the latter sinks in, forming a hollow in the casting. Feeding is the 
only remedy for this, and consists of working a wrought-iron rod up 
and down through the riser, right into the centre of any such heavy 
part of a casting, and by keeping this open, fresh metal can be poured 
in to make up for the contraction taking place. Another use of a 
riser is as a gauge to let the moulder know exactly when the mould is 
filled. 

Cracked or twisted castings are quite a common type of wasters, and 
are due to defective designs, which does not allow of an equal and 
natural contraction, or possibly it may be due to the use of some 
unsuitable pig iron, which does not contain the necessary properties of 
an iron suitable to the requirements of that particular class of casting. 
A knowledge of the laws of contraction and crystallization of cast iron 
are indispensable to the founder, for questions arising from them are of 
hourly occurrence in a foundry. Тһе precautions and devices adopted 
to avoid the evil effects arising from these causes are so numerous 
that it 1$ impossible for us to do any more than just touch upon them, 
and take one or two typical examples. 

When you have an equal section of metal right through the casting, 
contraction does not give you much trouble, but where you have large 
variations in section with projections from a main body, then quite a 
number of precautions must be used. You are all more or less 
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acquainted with the example of a cast-iron belt pulley. We have а 
very light section of metal in the rim which, of course, cools very much 
more quickly than the arms or the boss. The latter is only 
commencing to contract when the arms and rim are finished con- 
tracting, with the result that it puts such a great strain upon the arms, 
that unless they are designed to overcome it, they very often give and 
show a crack. Тһе usual way to avoid this is to adopt a curved form 
of arm, instead of a straight one, but even then strains are set up in 
the casting which are invisible to the eye. These internal strains, due 
to what we might call restrained contraction, are more prevalent in 
castings than one would be apt to suppose. Ном very difficult it is 
to avoid this, will be seen if we take a simple example, say a circular 
plate 10 feet diameter with a hole in the centre 3 feet in diameter. 
The outside circumference being about 314 feet would contract 
approximately about 4 inches, whereas the inner circumference being 
about 94 feet, would only contract 14 inches. These are the con- 
tractions that would really take place if the plate were cut as shown, 
but if it is intended for a solid plate, it cannot contract in the manner 
shown, with the result that there is bound to be a great stress set up 
in the casting. 

'This is the cause of a great many fractures in castings which have 
been passed as good, sound work, but have shown only when they have 
been subjected to a slight jar of some kind or other. Тһе bad feature 
of this defect is that it cannot be detected even with a very careful 
examination, and may not become visible for months after. Тһе only 
way to avoid the occurrence of these internal strains is by very careful 
designing, and even then it cannot be absolutely overcome. 

As a typical example of the many devices adopted by the moulder 
to overcome the difficulties attached to giving the metal freedom in 
contraction, a description of the course followed in casting a large 
condenser some little time ago will be as good as we can take. 

Тһе condenser was circular in shape, about 8 feet in diameter, and 
10 feet long, with a large branch on one side. It had been attempted 
previously, but had cracked each time before the core could be 
loosened. Тһе core—a mass of brick and loam 8 feet diameter and 
10 feet deep—required a very great amount of labour to try and 
loosen it before the metal contracted, which was not very long, owing 
to the thickness of metal being no more than 5 inches. It was seen 
that the task was impossible in the usual method of easing the core 
by hand, so three large wedges were made and built in the centre of 
the core. At the time of casting, the crane was attached to the centre 
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one, and as soon as the metal was run in the mould, the first wedge 
was hoisted away, and then the other two as soon as possible. This 
device allowed the core to be eased in such a perfect and expeditious 
manner, that the result was a splendid casting without any visible 
crack or strain whatever. АП castings of a cylindrical form with large 
cores in the centre require especial attention in this question of 
slackening. Іп most cases, as soon as cast, the mould is turned over, 
and the core completely cut away. Care is then taken to close up 
the ends of the casting, so that there can be no current of cold air 
passing through, which would be as detrimental as leaving the core in. 
Expansion of the mould, more particularly any pores that may be in it, 
does not seem at first sight to be a matter which gives much trouble, 
but it has been the cause of many a bad casting. 

Where the core is built with a great many irons in it, or where it may 
be run up on а large centre barrel, the question of expansion of the 
metal in the core must be considered. Тһе following will clearly 
illustrate my meaning. We were casting a large stern tube, which, as 
usual, was in a great hurry. It seemed a very fine casting when taken 
out of the sand, but on being machined turned out to be very much 
thicker on one side than the other at the centre. On going into the 
matter, we found this was due to the ends of.the core having been 
bound too tightly, with the result that when the metal was run in and 
the bar got heated, it bent out of shape. It is for this reason that all 
large pipe castings, cast vertical, only have the bottom end of the core 
secured, and the top quite free to allow the core barrel to expand 
freely. 

In all flat surfaces, especially plates of any description, the effects 
of crystallization has always to be taken into account. Тһе particles 
of cast iron always set thémselves with their major axis at right 
angles to edges which are naturally the first to cool. Тһе result is 
certain lines of weakness run through the plate where any sudden 
change of direction of the particles takes place, as can easily be 
seen. 

If they do not actually fracture the plate, they generally twist it more 
or less if great care is not used. Тһе usual method to neutralize the 
evil effects of crystallization is to expose these lines of weakness to the 
atmosphere while the casting is red hot, keeping the other parts 
carefully covered with sand. This is done by most moulders from 
experience, although ignorant of any laws of crystallization. 

Stevenson was one of the first to draw attention to this in connection 
with the hydraulic ram cylinders used at the tubular bridge. Another 
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method adopted to overcome defects from this cause, 1s to cast ribs on 
any plates which are required very true. 

Straining is a defect very common in casting, due to want of proper 
provision in or about the mould, to resist the pressure which melted 
iron as a fluid exerts upon all parts of the mould. 

Most green-sand moulds have the tops kept down by weights, to 
resist the upward pressure from the surface of the metal. A short 
calculation, taking into account the head and amount of area in the 
surface of the casting, would insure the mould against this danger, but 
in most cases the weighting is done by guess work, with the result that 
if it is light the top lifts, and the casting is strained, and in most cases 
no use whatever. ‘The side pressure is taken up by the sand, which 
has to be rammed tight enough for this purpose, but at the same time, 
not too tight, or it would retard the passage of gases from the mould. 
Loam moulds, are, as a rule, put into pits, and rammed round with 
sand to resist the pressure, the top parts being secured to the bottom 
with iron cramps. ‘This is the method adopted by Scotch and a good 
many English founders, but on the north-east coast what is known as 
rancing is substituted for the ramming up of loam moulds in pits, 
which of course, means a great expense, as you have to dig them out 
again. 

Rancing means binding the mould together with large iron bars and 
binders, secured together with cramps and wedges. ‘This system is 
very little cheaper than the ramming, but has a greater element of risk 
about it. What binding a large loam mould means, can be judged if 
you just take the case of say the pressure on the side of a large 
condenser 10 feet by 8 feet, which may have a head of 12 feet, this 
means a pressure of 180 tons on that side alone. 

Many fine castings, after passing successfully through all the 
difficulties and dangers of the various processes of moulding and 
casting, have been ruined in the final process of cleaning, or, as it 
is technically termed, dressing. It may be, in chipping off a rather large 
runner, a piece is broken out of the casting or some internal part 
injured in extricating a troublesome core. I have known the wall of 
metal between the steam and exhaust ports of a cylinder to be broken, 
owing to a careless dresser trying to break a core iron, which has 
probably been made heavier than necessary. The best way to avoid 
this 1s to have all runners made in such a manner and placed in such a 
position that their removal can be accomplished both safely and 
speedily. Cores should always be made with an eye to their being 
easily extracted. A great point to notice with regard to this danger, 
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is that there are as few fins as possible at the various joints of 
the mould. 

Various means are adopted in foundries to cover surface defects in 
castings, but in no case should they be used without the consent of 
the client. 

Any very small holes or roughness are usually just covered with 
what is known as blue putty, and is made of white lead and moulder's 
blacking. 

Holes of a larger size are filled very often with vomuntague, which 
is a mixture of resin, borings, and bees wax. Another filling sometimes 
used is an alloy of bismuth, tin, &c., which has the property unusual 
in metals of expanding while cooling. Another is to hammer іп а 
wrought iron patch which has been got to a white heat. А great many 
defects can be remedied in a very efficient manner by what is 
technically known as burning, but unless carried out by a very 
experienced man, is a source of great danger to the casting. 


Mr. Blair. 


Mr. Smith 
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DISCUSSION. 


Mr. BLAIR said—I consider the authors paper a very valuable 
one as far as it goes, but I hoped in attending this evening to have a few 
secrets of the business, such as valuable mixtures, put before us, which 
would enable us to turn out our castings more cheaply, but the 
author has not divulged any such information. 

With reference to his remarks as to inspection of castings, I can 
bear out what the author has said, as I remember a case in which a 
gentleman, who called to pass an opinion on some castings in dispute, 
admitted he had never been in a foundry in his life before. 

The author has noticed an important point as to metal running fluid 
and sound, and if he can give us some further information on that point, 
I think it will be very useful. I have made some experiments with 
American iron which was not sufficiently fluid, but with the aid of 
iron containing a large percentage of phosphorus I practically got 
over the difficulty. К. 

With reference to the author's remarks as to contraction in castings, 
a great many castings are designed by architects and engineers who 
are not practical founders; they expect us to work to their designs and 
very often will not accept any alterations, regardless of the fact that 
if the metal is not properly proportioned the castings cannot be 
satisfactory. In dealing with castings of varying thickness, I have 
been able to get over the difficulty of contraction many times by baring 
the heavy portions of the castings and covering up the lighter portions 
so as to retard the cooling. 

Mr. J. К. ӛмітн said—I think the lesson to be learned from the 
author's instructive paper is that in all well regulated establishments 
the designer should be working in close touch with the pattern 
maker and the founder, and thus deriving advantage from practical 
experience. | 

With regard to the defects mentioned by him, I think those that 
are readily seen are the least troublesome ; they are certainly the least 
dangerous even though they result in the rejection of the casting. 

The unseen defects set up by strains in cooling may have serious 
consequences. Only to-day the papers report a case of a steamer 
having some trouble with broken propeller blades, and as she was on 
transport service, the matter was very serious. 
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Referring to the author's warning аз to mixtures, I think the best 
safeguard is to go to recognised founders, as much must of necessity 
be left to their discretion, and reliance placed upon the good faith and 
name ofthe founder, rather than to more or less incorrect specifications. 

Mr. WILLIAM BRODIE said— The paper is more remarkable 
for what is left unsaid as regards defects in castings than for what 15 
said, and from the general point of view of the members of this Society 
the last paragraphs form perhaps the most interesting matter in it. 

Mr. Blair has gone a certain distance from the same standpoint as 
the author of the paper, and he has shown how the representatives 
of the engineer or designer are perfectly childlike in the hands of the 
contractor. 

It is a very difficult thing for any engineer to secure uniformly 
good work, and much must of necessity be left to inspectors. The 
author might favour us with more information as to the way to 
cover up defects. One more point. I would be glad of some 
information as regards test-bars, which are not mentioned in the paper, 
and which are a very important point to engineers who wish to know 
in some way or other that they are getting proper strength in the 
castings, particularly in structures where the strain is pretty well 
known and where they want to keep down the weight as far as is 
consistent with safety. 

Mr. T. Duncanson said—I have had to do with castings mostly in 
regard to looking at them after they have been received, and, like Mr. 
Brodie, the three last paragraphs have interested me very much indeed. 
The various methods of concealing defects that founders have adopted 
are certainly ingenious. Another point I am interested in, is in 
regard to defects which are due to design. Although it is true that 
sometimes the designs forwarded for the founders give bad results 
literally adhered to, yet generally in cases where they have a difficulty 
and representations are made to the designer, slight modifications are 
made to get over the difficulties. 

Mr. Содкр S. PAIN said—I am very much interested in the paper 
and have a thirst for more knowledge of thesubject. Тһе conclusion 
which an outsider would arrive at is the one which I think 
has already been expressed, that the engineer or the architect is very 
much in the hands of thefounder. It occurs to me as to one of the points 
that were raised by the speakers, that it might not answer the purpose 
of the designer to entirely follow out the wishes of the moulder, for 
example in cases when the required strength necessitated a special 
design. I remember some time ago it.was not so difficult to get 
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special castings if you went to the right part of the country for them. 
In different parts of the country there are founders who devote them- 
selves to particular classes of work. Рог instance, you would not go to 
ordinary town founders to cast pipes, &c. Саз and water pipes are 
a special class of work which certain contractors lay themselves out 
to do. I should like to ask the author of the paper his views as to 
machine moulding. 

Mr. Е. Е. COOPER said— The one point I should like to mention 
deals with a practice which I have found useful in inspecting castings, 
namely, the use of the hammer. By carefully tapping a casting all 
over with a hammer, I have found it possible to detect flaws which 
could not be discovered by the eye. 

Тһе President, Mr. A. BRoMLEY HOLMES, said— The author has 
told us of the troubles that an iron founder may meet with, from the 
exasperating customer, and a too exacting inspector, but I think 
he wil agree with me that the greatest difficulty the founder 
has to deal with is the designer. 

It has been mentioned once or twice this evening, but anyone who 
has any practical experience of this business knows what very un- 
satisfactory designs are frequently furnished for the castings to be 
made from. Sometimes the designer desires to have a casting made 
in one piece, which can with much greater advantage both as regards 
strength and appearance be made in two or more pieces. Fortunately 
the engineer of to-day is generally a man who from practical experience 
is capable of designing ironwork. The architect of to-day is 
fortunately also for the most part a reasonable man, who is willing to 
receive suggestions from a responsible contractor, and it is probably 
for this reason that the author has treated the gentlemen responsible 
for the design of castings so considerately in his paper. It occurred to 
me when Mr. Blair was speaking, that we have had as much as we 
could expect from the author with respect to the faults of founders, 
and if Mr. Blair would kindly supplement this paper by a contribution 
of his own, commencing at the point where the author has left off, it 
would form a communication of much value to members of this 
Society who are buyers of castings. This communication has 
been a very interesting one, and various enquiries have been made by 
speakers in reply to which the author will no doubt supplement the 
information given in his paper. 

Mr. D. BROWN, in reply, said—Mr. Brodie I think seemed to have 
the impression that the moulder or the founder is antagonistic to the 
inspector, but I do not think so if the latter is reasonable, but 
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the founder has a great feeling against the man who makes up his 
specifications out of a text book only. It is very difficult to 
give any reliable mixtures owing to the lack of uniformity in the 
properties and composition of the various brands of pig iron. It is a 
very difficult subject to deal with in a paper; you do not know what to 
put in, or what to leave out. With respect to secrets for filling holes 
in castings, the less we say about them the better. 

Lead filling has been alluded to, but I may mention that in clay 
there is a much cheaper material. It is, however, more satisfactory 
to have the casting condemned at first, than to have it subsequently 
returned on account of a fault improperly concealed. As a case 
in point, a well known firm in the South of England purchased 
а large condenser casting. When the work was in the lathe it was 
found that a hole had been filled up with a piece of wrought iron, the 
result being that the casting was condemned and unnecessary expense 
incurred. Moulding machinery is only useful for special classes of 
work and is of little service in a general foundry. Test bars are of 
little value unless cast in such positions and in such a way as to form 
a real sample of the casting to which they refer. 

"То secure uniform strength and quality, experience points out that 
the best way is to get a sample of the iron, 20 tons or so, and if the 
tests prove satisfactory, to order a considerable quantity. Мг. Smith 
spoke about the defects in cast iron propeller blades. It is a very 
difficult matter, and one it seems requiring much consideration. I 
think failure may be due to the drawing action arising from the great 
thickness of the central portion of the blade, and possibly in some 
degree, as Mr. Smith suggested, to variations in the quality of the 
metal. 


Mr. Brown. 
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ON THE SUPPLY OF WATER FROM THE RIVER 
THAMES TO THE REGENT’S CANAL BY 
PUMPS AND PIPE LINES. 


By H. M. H. COLLIER, Assoc. M. Inst. C.E. 


VISITORS to the Zoological Gardens, who have visited the homes of 
the elephant and rhinoceros, have doubtless stood on a bridge which 
15 situated near these spots and have wondered what the muddy 
looking canal beneath their feet might be, but perhaps few have taken 
sufficient interest in it to enquire into its origin or general usefulness. 
This canal is, however, of considerable importance to London, and also 
to the provinces, as, by it, communication 15 possible between the 
Thames at Limehouse and the River Dee at Llangollen, whilst the 
principal Midland towns are all connected with it, though, of course, 
to navigate a boat from the Thames to North Wales, several different 
systems of canal would have to be travelled over. 

The Regent's canal proper, now owned by the North Metropolitan 
Railway and Canal Company, takes its first step at Paddington, where 
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it forms its connection with the Grand Junction canal, so well known 
all over the Midland counties. There is no lock connecting the two 
systems, but the two canals unite, forming one long level which reaches 
from Hampstead Road lock, on the Regent's Canal, past Harrow on 
to Slough, a distance of about 25 miles. Тһе actual length of the 
Regent's canal is 88 miles between Paddington and the Thames at 
Limehouse, whilst in this length there is a total risein level of 101 feet 
above ordnance datum, which is maintained by a system of 13 different 
locks, the average rise per lock being 7 feet 6 inches. It should 
be here explained that the canal empties itself into the Regent's 
canal dock at Limehouse, which in turn is connected with the River 
Thames by a ship lock 480 feet long by 60 feet wide, and also by a 
barge lock. Thus, whilst the canal itself has 12 locks, it is necessary 
to pass through 13 locks in order to reach the River Thames. 

Suppose we start in a barge from Paddington and travel down the 
canal to the River Thames, duly noting the various districts and locks. 
Almost the first place which you see after the start is the goods yard 
of the Grand Central Railway, which has an extensive wharf, fitted 
with cranes, on the southern bank of the canal. Then comes the 
Regent's Park, mentioned before, after passing which, the canal goes 
under the London and North Western Railway main line, near Chalk 
Farm. А little further on we come to the first lock, Hampstead Road, 
which is followed very closely by Hawleys and Kentish Town Locks. 
We next come to Pancras lock, situated behind St. Pancras and King's 
Cross stations. А short way below this lock the canal enters a tunnel 
964 yards long, which emerges in the Parish of Islington at City Road 
lock. Close by here is the pumping station of the Hydraulic Supply 
Company, which draws its water from the canal. Тһе next lock is 
Sturts, also in Islington, whilst the next one, Acton's lock, is in 
Haggerston. Old Ford lock is in the Parish of Shoreditch, and 
situated on the side of that beautiful East End Park— Victoria Park. 
Mile End lock is in the Parish of Bethnal Green, whilst the remainder, 
viz., Ben Jonson's, Salmon's Lane and Commercial Road, as well as 
the dock and the river entrances, are in the Parish of Limehouse. 
All the locks on the canal are double locks, having an intermediate 
sluice, by means of which the water from a full lock is used for levelling 
up an empty lock, and by this means large quantities of water are 
saved. 

The question of water supply for canals is always a difficult one 
even in country districts, as a prolonged drought, such as we experienced 
in the summers of 1898 and 1899, will dry up the reservoirs in course 


80 COLLIER ON THE SUPPLY OF WATER BY PUMPS, ETC. 


of time, but the Regent's canal is in a worse plight than most others 
by reason of its proximity to London. 

When first constructed, in 1820, water in abundance was obtained 
from the two reservoirs made by the Company at the Welsh Harp, well 
known to skaters, and at Ruislip. "The area of the Welsh Harp is 240 
acres, and its capacity 90 million cubic feet, whilst that at Ruislip is 90 
acres, and itscapacity is 27 million cubic feet. For many years this supply 
was ample for all purposes and sufficed to maintain the level of the 
long reach from Paddington to Harrow and Slough, which, although 
the property of the Grand Junction canal, the Regent's canal is bound 
to keep supplied with water, the total length of the reach being 
nearly 25 miles. In course of time, however, buildings began to rise 
near the Welsh Harp, and the rain water which formerly collected in 
the reservoir was carefully drained into the main drains, and the reser- 
voir lost its principal source of supply. 

Something had to be done to obviate this loss, so, in 1866, pumping 
water from the River Thames was started. At every lock a 20-inch 
centrifugal pump, with an engine either stationary or of the portable 
type, was fixed, capable of delivering 6000 gallons a minute into the 
pond above each lock. There being 13 locks there were 13 different 
pumps and engines all running at the same time, and in dry summers 
day and night. This scheme was successful for many years, although 
at times breakdowns caused great loss and inconvenience, as, if one 
engine or pump broke down, the whole lot had to be stopped and 
traffic on the canal suffered in consequence, whilst repairs and main- 
tenance reached a very big figure. 

At this stage of the proceedings, viz., 1896, the committee consulted 
Sir John Wolfe Barry as to means of concentrating the plant and at 
the same time getting an increased supply of water. It was at once 
seen that a central pumping station was the most economical, both in 
point of wages and maintenance, and a scheme was approved, which 
provided a central pumping station at Limehouse basin, where power- 
ful centrifugal pumps should deliver 1100 cubic feet of water per 
minute, at a distance of 2200 yards from the engine house into the 
pond above Mile End lock, through a pipe line 33 inches in diameter. 

This scheme alone did away with five different pumps and five 
different engines, not to mention the drivers of them. Тһе old engines 
were retained at Actons, Old Ford and Sturts locks, but at City Road 
lock and Pancras lock, engine houses were built in which a new 
stationary engine and boiler was fixed to drive the old pump. Тһе 
reason why this was done, instead of a large pumping station being 
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fixed here and water being pumped through a pipe line, is that, as before 
mentioned, there is a tunnel, about 964 yards long, between City Road 
and Pancras locks, which has no tow path along which a pipe line 
could be laid. 

Тһе only way to lay a pipe line would be to run the canal dry and 
lay the line in the bottom of the canal, but, of course, the reach 
could not be run dry for a long enough period to allow of this being 
done. 

At Kentish Town, Hawleys and Hampstead Road, three of the old 
pumping engines and pumps were condemned and a centrifugal pump 
was erected, capable of delivering 1300 cubic feet per minute, to a 
point above Hampstead Road lock, half-a-mile away, through a 24-inch 
pipe line. When this scheme was completed seven stations did the 
work of 13 as before, and much more efficiently. 

All these stations were ready for work by March, 1898, and so great 
was the demand on them during the dry summer, that they ran day 
and night from March to December. During the summer, when 
water was scarce, some of the vestries used the canal water for watering 
the streets, whilst large quantities were sold to the River Lea Conser- 
vancy, to make up for compensation water which, strictly speaking, 
should have been given them by the East London Water Works 
Company. 

In December last, seeing how much benefit they had. derived from 
the new scheme, the directors again asked Sir John Wolfe Barry for 
a scheme which would improve the pumping plant from Old Ford to 
City Road locks, as, owing to the fact that the reservoirs are annually 
yielding less water and that numerous large manufacturers, including 
the Hydraulic Supply Company, use the canal water and run it to 
waste, it was very hard to keep the traffic going. 

Sir John Wolfe Barry advised that a pumping station should be 
erected at Old Ford lock, and connected by a 30-inch main to above 
Actons lock, where it would discharge. Тһе cost of laying a pipe 
line from Actons lock onwards was considered so great as to be prohibi- 
tive, so it was decided to build an engine house at Sturts lock with two 
centrifugal pumps, precisely similar to that at Old Ford, and to pump 
1300 cubic feet of water per minute into the pond above City Road 
lock through a 27-inch main. This scheme is just being completed, 
and the result will be that two pumps will do the work more efficiently 
than four did formerly, whilst on the whole canal five pumping 
stations will do more than thirteen did formerly. Тһе connection 
is made as follows :— 

6 
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Limehouse gets water from the River Thames and delivers it through 
a 33-inch main to above Mile End, distance 2200 yards. 

Old Ford draws its water from Mile End pound and delivers to 
above Actons, through a 30-inch main 1600 yards long. 

Sturts draws its water from Actons pound and delivers above City 
Road 600 yards. 

Pancras draws from City Road and supplies Kentish Town, which 
delivers it at the rate of 1300 cubic feet, through a 24-inch pipe line, 
to above Hampstead Road lock. 

I believe we can claim to have done some good to the inhabitants 
of houses along the canal, as the canal is now almost entirely supplied 
with fresh Thames water, which, according to the London County 
Council, is getting so pure that fish in large quantities are coming into 
the river, and we hear that the riparian owners have started a Salmon- 
hatching and Fishery Association with a view to making the Thames 
the salmon river of the future. One more point is noticeable, and that 
is, that instead of the dull sluggish water from up country, we are 
putting in good clear water from the Thames, strongly impregnated 
with salt, and are practically bringing Shoreditch, Haggerston and 
Islington to the seaside. 

I propose now to give a short account of the pumping plant and 
pipe lines. 

The main pumping station at Limehouse dock is built on the site 
of what was originally the old ship lock, or entrance to the dock, 
which has long been superseded by a more modern entrance. 

At the river end of the lock a dam was constructed, communication 
with the river outside being kept up by means of a brick culvert. 

The engine house floor is carried by three arches which spring 
from brick piers founded on the invert of the old lock. The floor of 
the engine house, on which the engine beds rest, is of concrete, but 
between the concrete and the brickwork of the arches, Callender’s 
bitumen cloth has been laid to form a damp proof course. At spring 
tides the floor of the engine room is 8 feet 6 inches below tide level, 
and therefore under pressure, but the damp course has proved perfectly 
tight. The brickwork of the south wall of the engine house is coated 
with asphalt, and that too remains perfectly watertight. 

The pumping engines, which were made by Messrs. Tangye’s, 
Limited, of Birmingham, consist of two vertical tandem compound 
surface condensing engines, designed to work either jointly or 
separately as occasion may require, with cylinders 14 inches апа 234 
inches diameter respectively, with 12-inch stroke running at about 184 
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revolutions per minute. Тһе pump discs are each 6:6 inches in 
diameter, and the suctions 21 inches diameter. Тһе duty of these 
pumps is to draw water either from the River Thames, or from the 
dock, and deliver it at the rate of 1100 cubic feet per minute, above 
Mile End lock, a distance of 2200 yards, through a pipe line 
33 inches in diameter. | 

The actual average lift 15 38 feet, which, with friction from pipes 
and bends, makes a total head of 70 feet. Each pump is fitted with 
a steam air ejector, for charging purposes. Тһе condensers are fixed 
on the main delivery from the pumps; the water discharged passing 
through a nest of 3-inch brass tubes on its way to the main pipe line, 
and thus acting as the cooling agent. "The air pump is driven by an 
horizontal engine having a cylinder 6 inches diameter with 16-inch 
stroke. Тһе working pressure is 100 pounds per square inch. Тһе 
horse-power of each of these pumps is about 170. 

The deliveries from the two pumps are connected with the 33-inch 
delivery pipes by means of a breeches piece, and there are two reflux, 
or non-return valves, fixed between the condensers and the pipe line. 

On leaving the engine house the pipe line follows the side of the 
lock entrance until it comes to Queen Street bridge, where it is carried 
over the lock on steel joists at a sufficient height to allow of barges 
passing under. Тһе line then follows the western side of the dock 
until it comes to Commercial Road bridge, which is crossed by a 
double riveted steel pipe. At this point an air valve is fixed. 

Beyond this point the pipe line is carried almost entirely in the 
canal tow path, the depth of the trench when excavated having been 
4 feet. This leaves 15 inches of filling to cover the pipe. Above 
each of the locks a breeches pipe is connected with the pipe line, by 
means of which a 24-inch pipe can deliver into each pond if necessary. 

As a matter of actual practice, these deliveries are seldom, if ever, 
used, the surplus water at each lock being allowed to run back over 
the weirs and supply the lower ponds. 

The pumping engines at Old Ford and Sturts locks are of the same 
type as those at Limehouse, but, with a lower lift, are capable of de- 
livering 1300 cubic feet per minute as against 1100 cubic feet. They 
can thus deal with the water supplied from below, plus that which 
comes from the locks above. There are two engines and pumps in 
each of these stations, both precisely alike in every respect, so that 
should it so happen that a vital part of both pumps at Old Ford was 
to give out, a part of one of the pumps at Sturts lock could be brought 
down with little delay and fixed for running. Such a thing is, how- 
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ever, very unlikely to occur, as only one pump and one engine will be 
used at a time. Тһе other pump and engine is purely a standby to 
avoid any stoppage owing to accident. Messrs. Tangye's have also 
supplied these engines. 

At City Road and Pancras, where the pumps only lift from the pond 
below and deliver through troughs into the ponds above the locks, 
small horizontal engines of Messrs. Tangye's “ Colonial” type are fixed 
which drive the pumps by means of belts. At Kentish Town, where 
water is delivered through half-a-mile of 24-inch pipe, with a lift of 
22 feet 6 inches, there is one vertical tandem compound engine, fitted 
with a Ledward's condenser. This engine, being the furthest away 
from the source of supply from the river, and the nearest to the source 
of supply from the reservoirs, has the least work to do of any, 
but, for fear of accident and delay, a complete spare set of 
all important working parts is kept on the spot so that as little delay 
as possible may occur. It may be, perhaps, interesting to the members 
to hear that the traffic on the canal, which in the year 1831 reached 
558,126 tons, had advanced to 1,041,506 tons in 1898. 

The cast-iron pipes are in all cases socket and spigot joints, and are 
jointed with gasket and lead, about 100 pounds of lead being used for 
a joint. 
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DISCUSSION. 


Мг. Н. P. BouLNois said—I may preface my remarks by saying 
what great pleasure it gives me to be here amongst you again after two 
years’ absence, and. add that whenever an opportunity offers I always 
hope to have the pleasure of attending your meetings. 

With regard to the paper, although I am acquainted with the 
Regent's Canal, I must confess I had not the slightest idea from 
whence the water for it was obtained, beyond the fact that a great 
amount was taken from the Welsh Harp. 

I should like to ask the author where the other lock is which he 
mentions, named Ruislip. 

It seems rather peculiar that they should lift the water from the 


lowest point to the highest point of this canal. It would be interesting - 


to know if any scheme was considered for the sinking of wells for the 
supply of water at the higher level. We know that all round 
London there is a vast amount of subterranean water, and it 
appears to me that, if possible, it would have been better to have 
obtained the water in that way rather than by pumping these long 
distances and great heights. 

The author mentions the purity of the water where it joins the 
Thames, and I should like to be assured that the water which is 
pumped into the heart of London is such as described. 

Mr. WILLIAM BRODIE said—One incidental point in the paper that 
struck me was that this canal should have a traffic of over one million 
tons per annum. 

The method adopted in this case is an example, added to many 
others, of the facility with which large quantities of water are handled 
by means of centrifugal pumps, this being now so much practiced 
that the age might almost be called the age of pumping. 

The pumps described are of very considerable size, but there are 
other cases, especially abroad, where the sizes and numbers of the 
pumps and the amount of work done by them go far beyond those 
now in question. 

These Regent Canal pumps have suction pipes about two feet in 
diameter ; on some of the works I am referring to the suction pipe is 
no less than 60 inches in diameter. 

There are none in Liverpool quite so large as this, but three pumps 
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at the Canada graving dock, Liverpool, with suction pipes 51 inches 
in diameter, are capable of discharging the whole contents of the dock 
in 14 hours, a total capacity of 34 million cubic feet. 

One way of getting an idea of what such a discharge means is by 
referring to that of a river. Mr. A. G. Lyster stated before the 
British Association that the discharge of the three pumps at the 
Coburg dock, Liverpool, having suction pipes 54 inches in diameter, 
was equal to the ordinary flow of the Thames at Teddington. 

In Liverpool also, in addition to their use for graving dock purposes, 
pumps have been brought into use for a purpose, novel when instituted 
here, viz., maintaining in certain wet docks an artificial level of water, 
and the same system has been used in London and other ports. 

Another very important use of such pumps is the drainage of 
extensive tracts of low-lying land, and it may be that schemes of land 
irrigation will find them very valuable auxiliaries. 

Mr. CoarD S. PAIN said— Му recollection is that the subterraneous 
waters in the London basin are obtained for the most part from the 
chalk, and as the chalk is something like 200 feet deep, you will see 
the cost for pumping from wells would be very heavy indeed. 

I would like to ask whether the pipe lines were carried under the 
towing path. 

I do not understand why the reservoirs should be annually yielding 
less water, beyond the statement that was made that the ground was 
being built over. Тһе paper generally indicates that there are some 
people who seem to be able to tap this canal and supply themselves. 
I presume they pay for it? The pipe line has only 15 inches of cover. 
That seems rather to suggest the possibility of bursting, especially in 
cases of frost. 

Mr. Н. С. CLARKE said—I know certain parts of this canal, and 
from my experience it seems to be chiefly used for bathing purposes. 

One thing that struck me about the large volume of traffic was 
that all along the canal there are a considerable number of wharves, 
and a great quantity of goods, building materials, &c., comes up from 
the Thames. 

Mr. JOHN A. BRODIE said—I notice that the quantity pumped is 
about 10 million gallons a day. That appears a very large quantity 
to look for from the chalk. 

With regard to the question of laying a main of this description 
along the towing path, it is done very often, especially where the head 
is comparatively small, and generally speaking the pipes are kept up 
as close to the surface as possible, so that in the event of a leakage it 


DISCUSSION ON THE SUPPLY OF WATER BY РОМРВ, ETC. 87 


would probably come out to the surface of the towing path rather 
than wash it away, and do damage in that way. 

The question of head due to friction is always а pretty serious one, 
where you want to get the biggest quantity of water from your main. 
As soon as you begin to exceed a velocity of (say) four or five feet 
per second, the friction begins to rise very rapidly, and I know of a 
similar case to this where the pipes are about the same diameter and 
length, and in these pipes the head due to friction rises at times in a 
way you certainly would not expect. 

Whether it is due entirely to friction or to bubbles of air I do 
not know, but undoubtedly the friction rises rather more than you 
would expect looking at it from a theoretical point of view. 

The lift required in this case is a comparatively small one, and 
is therefore a suitable one for centrifugal pumps, but it will be 
interesting to know how they deal with this question, z.e., whether 
they give the rising main an inclination from the engine house, or 
whether they keep it up as high as possible at the pumping station. 

Another point interested me, viz., the use of Callender's bituminous 
cloth. Тһе use of bitumen for rendering buildings and reservoirs 
watertight has been very much on the increase. 

I heard the other day of an interesting way to render reservoirs 
watertight, which has been used in England lately, I understand, viz., 
to make the sides of the reservoir in concrete, in which was inserted 
expanded metal. 

Мг. Н. M. Н. COLLIER, in reply, said— The Ruislip reservoir is 
near Harrow. | 

As regards the question of pumping water at the summit level of 
the canal, it was а sine qua non of the scheme that the supply should 
be unfailing for all time, and during years of drought even the supply 
of water in the chalk beds has been known to fail. By going to the 
Thames for water, even if the flow of the river was affected by drought, 
the tide still makes up the necessary supply and there could be no 
chance of failure. 

As regards the purity of the water, the County Council for London 
interests itself greatly in the matter, and is constantly taking samples. 

When there is no complaint from that direction I think that the 
water may be considered very satisfactory. 

In answer to Mr. Coard S. Pain, the chalk level in London varies 
in different parts, but you may, I believe, expect to sink between 200 
and 400 feet before finding water, and even then the supply may not 
be unfailing. 
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The pipe lines are carried under the tow path, the trenches being 
four feet deep. Provision is made for emptying the pipe line during the 
winter when there is generally sufficient water in the reservoirs to 
supply the canal, but during the time that the author was in charge 
of this work, the pipelines were in constant use from Monday 
morning until Saturday night and were never emptied during the 
winter. There has been no case of damage from frost. 

As regards the question of diminution of supply from the reservoirs, 
when they were first built they stood alone in the open country and 
had a large drainage area as every brook and ditch drained to them. 
Of recent years buildings have sprung up in all directions, and brooks 
and ditches have been diverted into the drains as wellas the rainwater 
collected by the roofs of the houses. 

Certain companies are allowed to use the canal water on payment 
of a fixed sum per horse power of their engines. Тһе Hydraulic 
Supply Company, whose works are at City Road, draw all the pressure 
water from the canal. 

In answer to Mr. J. A. Brodie, in all cases the pipe line follows the 
towing path and rises gently at each lock. In the present instance, 
to have had a raised pipe line at the main pumping station at Lime- 
house would have been out of the question owing to their being streets 
and houses to pass over. I am sure that the London County Council 
would never have sanctioned such a scheme. 

Callender's cloth if well laid and carefully sealed at the joints with 
sufficient overlap, makes an excellent damp course, and was largely 
used at the Tower bridge where some of the floors of the accumulators 
and engine rooms are below tide level. 


MILLER ON ELECTRICAL DISTRIBUTION IN CITIES. 89 


LIVERPOOL ENGINEERING. SOCIETY. 


TWENTY-SIXTH SESSION. 


EIGHTH MEETING-—21sT FEBRUARY, 1900. 
А. BROMLEY HOLMES, M. Inst. С.Е, M.I.E.E., 


PRESIDENT, IN THE CHAIR. 


The following gentlemen were duly elected to the Society, viz.:— 
Messrs. Е. C. ARMsTRONG, STANLEY ВЕЕТОМ, С. B. KIRKLAND, 
W. RUTHERFORD, CHARLES S. SCHULTZ, SIDNEY Н. Ѕновт, and 
W. RYLE WRIGHT, as Members. 


The Presentation of the First Derby Gold Medal, presented by 
the Right Hon. Earl of Derby, K.G., G.C.B., for the Session 1898- 
1899, and awarded by the Council to Mr. M. Treleaven Reade, 
for his Paper, entitled :—-“ Some Properties of Flexible Surfaces and 
Flexible Solids, noted in Designing the ‘Shellbend Folding Boat,’” 
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entitled :—'' Engineering Formule," then took place. 


ELECTRICAL DISTRIBUTION IN CITIES. 


By THOS. L. MILLER, M. Inst. C.E., M. I. МЕсн. E., M.I.E.E. 


IN considering how he should treat the subject of the paper, it occurred 
to the author that possibly the best way would be to lay before the 
Society some of the points with which an Engineer has to deal 
in designing a system of Distribution for the Supply of Electrical 
Energy for Public and Private purposes. 

Si/e.—One of the first matters with which the engineer entrusted with 
the designing of such a system has to deal, is that of finding a 
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suitable site for the Electricity Supply Works, and in this connection 
it is advisable to also consider the system of supply to be adopted. 
Possibly the best way of approaching this matter, is to visit the 
available sites in the town or neighbourhood, and to carefully con- 
sider their relativeadvantages and their bearing on the system of supply. 
Other things being equal, a site in the centre of the area of supply has 
advantages over one outside that area, as in such a case there would 
be a smaller capital expenditure on mains, with reduced losses in 
transmission. 

Land in the centre of most towns is, however, expensive, and in 
addition, there is sometimes danger of actions being brought to 
restrain the undertakers from working the plant, owing to nuisance 
caused by vibration or noise where the Electricity Works are placed 
in the midst of a populous neighbourhood, and it may therefore be 
necessary to look outside the area of supply for an available site. 

As large quantities of fuel are used in the generation of electricity 
on an extended scale, a site in close proximity to a railway, where 
a siding can conveniently be run on to the ground ; or on the banks 
of a canal or river, where the coal can be water-borne, and the canal 
or river-water used for feed or condensing purposes, has great 
advantages. 

The questions of extensions and of approach to the Electricity 
Works are also matters that require very careful consideration, as 
Electricity Works have too often been erected in places where the 
land available for extensions has been far too small, necessitating 
either large sums being spent on the purchase of the surrounding 
property, or other works being built to supply the increased demand. 

The nature of the ground and its suitability for foundations is 
again a matter requiring careful attention, as the selection of a site 
with unsuitable ground, however excellent it may be in other respects, 
may entail a very considerable expenditure in piling, or otherwise 
making good the foundations. 

Buildings.—Generally speaking, the Electricity Works’ buildings in 
this country are of an unostentatious character, and in this respect 
they differ somewhat from those on the Continent, where the buildings 
are frequently very fine examples of architectural skill. It must be 
borne in mind, however, that the supply of electrical energy is a 
commercial undertaking, and that the money spent on buildings is 
necessarily unremunerative, while that spent upon the plant and mains 
is revenue earning. This being so, it is clearly unwise to incur too 
great an outlay on either the external or the internal decoration of 


MILLER ON ELECTRICAL DISTRIBUTION IN CITIES. 91 


the buildings ; at the same time, however, care should be taken that 
too great a sacrifice is not made in the direction of economy, and all 
decorations dispensed with. For the sake of cleanliness and light, 
the interior of the engine-room should be faced with white or cream- 
coloured glazed bricks, with possibly a dado of bricks of a darker 
hue, while tiles of a pattern and colour to suit the taste of the 
individual designer form a very suitable floor. 

Generally speaking, the buildings for an Electricity Supply Works 
consist of an engine house, a boiler house, and a battery room 
(where batteries are used), with offices, test room, stores, coal stores, 
chimney, and possibly a pump room. The dimensions of the 
buildings vary, of course, with the type and extent of the plant used; 
provision, however, should be made for extensions to be carried out 
without interfering with the supply, and for this purpose a temporary 
end is frequently fixed to both the engine and the boiler houses. 

For convenience in erecting and overhauling the plant, a travelling 
crane, capable of lifting the heaviest portion of the machinery, should 
be provided, and arranged to run the entire length of the building, 
care being taken that sufficient head-room is given to allow of lifting 
out the pistons and their rods, in the case of vertical engines. 

The chimney should be made of ample size, not only to deal with 
the waste gases from the boilers first installed, but also with those 
from extensions, and particular care should be taken to ensure a 
thoroughly solid foundation. 

The details of the building are usually carried out by an architect, 
or, in the case of a Local Authority, by the Borough or Council's 
Engineer, working in conjuction with the Electrical Engineer. 

System of Supply—The systems by which electrical energy is 
developed and transmitted may be divided into two classes; (1) 
Direct Current, and (2) Alternating Current; and in order to 
more clearly show the problem with which the engineer has to deal, 
it may be well to briefly explain the difference between these systems, 
and the further sections into which they are capable of being 
divided. In dealing with this branch of the subject, it is assumed, 
however, that all members are acquainted with the difference between 
the Direct and Alternating Current systems of supply, as the scope 
of a paper such as this will only admit of descriptions of the 
application of these systems. 

Direct Current Supply—Low-Pressure.— The earliest system of 
distribution on an extended scale was that known as the tree system, 
where a pair of mains were led from the generating station and 
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sub-branches taken off, connections being made from these to the 
lamps. This system, however, had only a very limited application, 
owing to the great variation in pressure in different parts of the area of 
supply as the mains were extended from the generating station. 
The first real step in advance may be said to be due to Edison, who, 
in a patent taken out in 1880, described the use of feeders for 
maintaining the pressure constant at fixed points in the area of 
supply, and it is from this point that the description of the systems 
at present in use may be said to commence. 

The simplest system of supply may be said to be the two-wire 
direct system, in which the current is distributed by feeders to a 
network of distributing mains, to which the consumers are con- 
nected. At 110 volts, the pressure at which up to recent years 
the current was supplied to consumers’ lamps—an area covered by a 
circle of say 1000 yards diameter—was about the limit over which 
current could be economically supplied on this system. With the 
advent, however, of the 230 volt lamp this system may be used for 
distribution over an area covered by a circle of say 14 miles diameter, 
and no doubt in some of our smaller towns this system may still find 
favour. 

The limitations of the simple two-wire system having been felt, 
engineers set themselves to work to devise some means of remedying 
the same, and in 1882, the late Dr. John Hopkinson in England, 
and Mr. Edison in America, patented the now well-known three-wire 
system, in which a pressure of 110 or 220 (or other agreed voltage) 
is maintained between the middle or neutral wire and each of the 
outer conductors. With a supply to consumers at 110 volts this 
system can be economically used over an area covered by a circle of 
about 13 miles diameter; while with a 230-volt supply to consumers the 
diameter of the area of supply can be economically extended to 
about 4 miles. 

From the diagram (see Fig. 1, Plate V.,) it will be noted that the chief 
use of the middle or neutral wire is to deal with the difference of current 
used by the lamps, or other energy consuming devices, on either 
side of this neutral wire. It may further be stated that as the 
satisfactory working of the three-wire system depends on the pressure 
on the two sides of the neutral wire being maintained equal, and as 
unequal loading of the system causes a difference of pressure between 
the two sections of the feeder at the feeding point equal to more 
than twice the loss of pressure due to the current carried by it, the 
success of this system depends very largely upon the means adopted 
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for securing a proper balance of pressure between the three wires at 
the feeding point, and it is in this method of balancing that the 
chief difference between the various stations working on the three-wire 
system is to be found. 

In the first method (see Fig. 1, Plate V.,), that proposed by the late 
Dr. John Hopkinson in his 1892 patent, the third-wire was taken back 
to the intermediate junction of two dynamos connected in series. 
With this arrangement both the current and the pressures at which it is 
delivered to either side of the system can be varied to suit the 
requirements of the case, and, in addition, arrangements can readily 
be made for plugging any machine on to either side of the system, 
and so utilizing the plant to the best advantage. 

In course of time, however, it was seen that in stations where 
batteries were used, one machine might be used to deliver energy 
to the outers of the three-wire system, while the batteries might be 
employed to supply the difference of current due to the want of 
balance on the two sides of the system. Іп this arrangement two 
batteries are put in series, and the neutral wire joined to the middle 
point joining the two batteries, and regulating switches provided at 
each end of the battery, so as to vary the pressure on either side of 
the system to suit the requirements of the demand. 

With this system, however, the two sides of the battery received 
unequal treatment, which was found in some instances to injuriously 
affect the life of the cells, and recourse was then had to motor com- 
pensators or balancers placed either at the Electricity Works or at the 
feeding points. 

These compensators or balancers, it may be explained, consist 
of a one to one transformer, arranged either as in: a single machine 
with two armature coils wound on one drum armature and running 
in the same field, the armatures being connected in series across the 
outers of the three-wire system, and the neutral wire connected to 
the point where the two windings join; or else as two distinct 
armatures working in separate fields—in fact, as two dynamos con- 
nected together. 

Now the action of a balancer placed at the end of a feeder differs 
somewhat from that of one placed at the Electricity Works, in that 
the pressure being approximately equal on either side of the system, at 
the feeding point, the current is delivered into the more heavily loaded 
side at a slightly lower pressure than that on the more lightly loadedside; 
whereas a balancer at the Electricity Works has to deliver currents into 
the more heavily loaded side at a pressure exceeding that on the more 
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lightly loaded side by more than twice the loss of pressure due to the 
current flowing in the neutral wire. 

To illustrate the means adopted in working balancers placed at the 
Electricity Supply Works and at the feeding points, two examples will 
be taken. 

In both the examples given, the balancers are supposed to consist of 
two distinct armatures rigidly connected together and running in sepa- 
rate fields. Inthe one case, viz., that where the balancers are situated at 
the Electricity Supply Works (see Fig. 2, Plate V.), the field resistances, 
with the shunt winding of the respective machines, are connected in 
series across the outers of the three-wire system, a regulating switch 
being connected in such a manner that in throwing the switch over, 
resistance is taken out of one field and put into the other. Тһе effect 
of thus throwing over the switch is to strengthen the field of the one 
machine and weaken that of the other. Assume now that the system 
is out of balance, and that one side is more heavily loaded than the 
other ; in order to effect a balance, the regulating switch would be moved 
over, taking resistance out of the fields on the more heavily loaded side 
and putting it into the fields on the more lightly loaded side, thus 
weakening the fields of the armature on the lightly loaded side and 
causing it to run as a motor, driving the other armature in a stronger field 
and consequently raising its pressure above that of the mains to which 
it is connected, so that it acts as a dynamo and supplies energy into 
the more heavily loaded side. With the balancers at the feeding 
point (see Fig. 3) the arrangement is very similar to the above, but 
in order to secure automatic regulation, the fields of the balancer are 
cross-connected: that is, the fields of the negative half of the balancer 
are connected across the positive and neutral wires, while those for 
the positive half are connected across the negative and neutral wires. 
Assuming the positive to be the more heavily loaded side of the 
system, the pressure on that side would be slightly lower than that 
on the negative side, and as the fields of the balancer are cross-con- 
nected, the field of the negative side of the balancer will be weaker than 
that of the positive side, with the result that the armature of the nega- 
tive balancer will tend to run faster as a motor driving the armature of 
the positive balancer in a stronger field, so that it acts as a dynamo 
and supplies energy into the more heavily loaded side in much the same 
way as in the previous case. 

From what has already been said, it will be seen that the balancing of 
the two sides of the three-wire system may be carried out not only by 
the methods hereinbefore described, but also by a number of 
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modifications and combinations of these methods, which, while they 
might be of interest, would probably extend the paper to too great a 
length. 

A further development of the three-wire system is that known as 
the five-wire. In this system, of which there is only one example in 
this country, two heavy outer conductors and three smaller intermediate 
conductors are used. Owing, however, to the revision of the 
Board of Trade regulations increasing the pressure in consumers’ 
premises to 250 volts, and allowing 500 volts across the outers of the 
three-wire system, there appears to be now no advantage in adopting 
a five-wire system in preference to that of the three-wire, except it be in 
the matter of arc lamps in consumers’ premises, which advantage, 
however, does not compensate for the increased difficulties in working, 
and for the purpose of this paper it need not further be discussed. 

Direct Current Supply —High Pressure.— Assuming that owing to 
the extent of the area of supply, and the consequent heavy cost of 
copper, the low-pressure system of supply is not admissible, the only 
alternative is to adopt some system whereby a higher pressure than 
500 volts can be used. As, however, the Board of Trade limits the 
pressure at which energy is supplied to consumers, it will be necessary 
in the event of a pressure exceeding 500 volts being used, to adopt 
some means to convert or transform the energy to the pressure 
allowed by the Board of Trade. 

In dealing with the low-pressure system of supply on the three-wire 
system, attention was drawn to the use of compensators or balancers, 
which were described as one to one transformers, and in the description 
that followed, it was shown how the one half machine acting as a 
motor drove the other half as agenerator. Where direct currents are 
used at high pressures a similar device is used at the transforming 
stations to reduce the pressure of supply to that at which itis distributed 
to consumers, only, instead of therate oftransformation being one to one, 
it is 5 or 10 to 1, as the case may be. Having thus briefly described 
the transformer, it may be well to draw attention to the main features 
of the high-pressure direct-current system of supply. 

With this system, energy is generated at the Electricity Supply Works 
at a pressure of from 1000 to 2000 volts, and is distributed by highly 
insulated cables to the various transforming centres throughout the 
district, where, by means of transformers similar to those hereinbefore 
described, the pressure at which the energy is supplied is reduced to 
that at which it is delivered to the low-pressure distributing 
mains. 
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The advantages of this system of supply depend very largely on the 
fact that by its use small motors of high efficiency can be used, and 
also that storage batteries placed in the sub-stations can be used in 
conjunction with it, thus allowing the generating plant to be shut 
down during the hours of light load. 

As to the disadvantages of the system, it may be pointed out that 
the transformers are pieces of running machinery, and that they con- 
sequently require a certain amount of attention. In districts, however, 
where there is likely to be a heavy demand for motive power, and 
where the low-pressure direct-current system of supply is not admissible, 
the system is one deserving of careful consideration. In some towns 
a combination of the low-pressure direct-current system of supply for 
the districts in the neighbourhood of the Electricity Works, and of the 
high-pressure direct-current system for the more distant parts has been 
adopted with a considerable measure of success. Тһе distribution 
on the low-pressure side is, of course, similar to that on the low-pressure 
direct-current system. 

Apart, however, from the question of system, the advantage of a 
high-pressure supply in reducing the weight of copper used in feeders 
will be readily appreciated when it is pointed out that if a given 
amount of energy сап be transmitted by a conductor ү; of a square 
inch area to a distance of one mile, with a loss of say 10 per cent., 
at a pressure of 200 volts, the same amount of energy can be trans- 
mitted by a conductor 443 of a square inch area to a distance of 10 
miles, with the same percentage loss, at a pressure of 2000 volts. 
There are, however, other matters to be taken into consideration in 
designing a system of Electricity Supply, such as the cost of trans- 
forming apparatus and the losses due to transformation, which con- 
siderably discount the advantages due to the smaller weight of copper 
used for feeders when using the higher pressures, and these 
considerations apply with equal force to both the direct and alternating 
systems of supply. 

Alternating Current System.—Coming to the second of the two 
classes into which the systems of supply were divided, it may be pointed 
out that the alternating current systems may be split up into two 
sections, viz., single phase and multiphase systems, and that each of 
these may be further divided into high pressure and extra high pressure 
systems. 

Dealing first with question of pressures, it may be remarked that the 
classification of high and extra high pressures is due to the fact that 
the Board of Trade have so divided the system in their regulations. 
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High pressure, according to the Board of Trade, is any pressure 
exceeding 500 volts direct, or 250 volts if alternating; and not 
exceeding 3000 volts, whether direct or alternating, while extra high 
pressure is any pressure exceeding 3000 volts, either direct or alter- 
nating. | 

Single Phase.— High Pressure.—' The pressures usually adopted in 
alternating stations in this country vary from 2000 to 2500 volts, 
although some examples of both higher and lower pressures may 
be found. In the early days of alternating current supply, it was usual 
to carry high-tension distributing mains throughout the district to 
be supplied, and to supply consumers through small transformers 
in which the pressure was reduced from that in the high-pressure 
mains to the pressure required for the lamps, or other energy- 
consuming devices, in the consumers’ premises. This system of 
supply, however, proved very wasteful in practice, owing to the low 
all-day efficiency of the small transformers, and to the heavy outlay 
incurred in providing the comparatively large number of small trans- 
formers required. А further objection to the adoption of this system, 
is due to the fact that the transformers were usually placed on 
consumers’ premises, entailing the high-pressure mains being brought 
on to such premises, with consequent risk of fire and accidents. The 
Fire Insurance Companies have taken particular notice of this, and 
require all transformers on consumers’ premises to be fitted in properly 
protected fire-proof chambers. 

In scattered districts, where the demand is fairly good but 
patchy, thecourse now usually adoptedisto run low-pressure distributing 
mains alongside the high-tension mains, and to feed into such low- 
pressure mains at a number of points by means of transformers placed 
in suitable chambers or pits under the footway. Ву this 
system the low-pressure mains are kept comparatively small, and the 
pressure in them maintained fairly constant throughout by connecting 
up further transformers, when, and as necessary, as the demand 
increases. Тһе transformer pits, again, may be made large enough 
for а 30 K.W. transformer ; a small size transformer being used first, 
which would be changed for one of a larger size as the demand 
increased. 

In more densely populated districts, sub-stations are used in which 
a number of transformers are banked together, and from which low- 
pressure feeders are taken to supply the distributing mains laid through- 
out the district. This system, it may be pointed out, is identical in 
principle with that of the high-pressure direct-current supply system, 
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with the one exception that the transforming devices, instead of being 
pieces of running machinery, are stationary converters of the molecular 
or magnetic type. 

In describing the house transformer system, it was pointed out that 
one of the disadvantages attending its use was that due to the low all- 
day efficiency of the numerous small transformers used. One advantage 
claimed for sub-stations with banked transformers, is that by their 
adoption transformers can be switched in or out of action as the demand 
varies, and the load on the transformers thus kept as near as possible 
up to their full working load, with a consequent large increase in their 
all-day efficiency. For this purpose many arrangements have been 
devised for switching the transformers in or out of action from the 
Electricity Supply Works, or for automatically cutting the transformers 
in or out as the load varies, but such arrangements have not been used 
to any appreciable extent in this country, as hand regulation by means 
of an attendant has, on the whole, been found the most satisfactory in 
such cases. 

In Figure 4, Plate V., will be found some curves giving the efficiency 
of certain makes of transformers at various loads, together with curves 
giving the efficiency of transformers as made in 1890, from which it 
will be noted that a considerable advance has been made in the 
efficiency of this apparatus during recent years. | 

Single Phase— Extra High Pressure..—Where the Electricity Supply 
Works are situated at a distance from the area of supply, it is sometimes 
necessary to adopt an extra-high-pressure, in order to keep the cost of 
mains and the losses due to transmission within reasonable limits, and 
in such cases the energy is frequently generated at a pressure of say 
2,000 volts, transformed by means of step-up transformers to a 
pressure of say 10,000 volts, and then transformed by means of step- 
down transformers to a pressure of say 2000 volts at the distributing 
centre within the areaof supply, and from thence conveyed to the various 
transforming sub-stations from which the low-pressure distributing 
network is fed. In this system it will be noted that the extra- 
high-pressure is only used in order to keep down the cost of, and to 
reduce the losses in the trunk mains, and that from the distributing 
centre within the area of supply, the system is identical with the 
ordinary high-tension system last described. 

Three-phase Alternating.—W hen owingtolocalconsiderationsa direct 
current supply is a necessity, and when the Electricity Supply Works 
are situated at a distance from the centre of supply, or when the area 
of supply is too great to allow of economical distribution on a low- 
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pressure direct-current system, the three-phase alternating current 
system, with either motor converters or rotary converters, feeding into 
the direct current network, has been proposed. One advantage of this 
system over the high-pressure direct-current system when the 
Electricity Works are at a distance from the area of supply, is, that for 
a given loss in the mains the three-phase system requires only three- 
quarters the weight of copper that would be necessary for the direct- 
current system. 

In this system the energy is generated at high pressure, or extra 
high pressure, as the case may be, by three-phase alternators, and 
transmitted by three conductors of equal cross section to the feeding 
centre or centres, where it is transformed by means of motor con- 
verters, or rotary converters, and fed into the direct-current distributing 
mains. The motor converters, it may be remarked, consist of a three- 
phase motor directly connected to a direct-current generator; while 
the rotary converters consist of a single machine having an armature 
with an ordinary distributed continuous-current winding, supplying 
direct voltage, and connected to the collector rings of the three-phase 
system. The same winding, therefore, serves both for continuous- 
current voltage or for three-phase alternating voltage. 

Having thus briefly described the various systems of supply, it may 
be well to, as shortly as possible, give some of the considerations that 
appeal to an engineer in deciding upon the adoption of a particular 
system of distribution in the district with which he has to deal. 

Up to quite recent years, engineers for the most part stood in one 
or other of two camps upholding the advantages of the direct or 
alternating current systems; but with the advent of the 230 volt 
lamp; the revision of the Board of Trade regulations, increasing the 
pressure in consumers’ premises to 250 volts, and allowing 500 volts 
across the outers of the three-wire system; and the advent of the 
Electric Tramway; these camps have gradually merged one into 
the other, until at the present time the division of engineers into 
alternating and direct current men may be said to have ceased to 
exist. 

In describing the various systems of supply, it was pointed out that 
the direct-current system possessed the advantage of being able to 
utilize storage batteries, a fact which, particularly in small undertakings, 
has a considerable effect on its economical working. A further advan- 
tage of this system is that, at the present time at all events, it has a 
decided advantage over the alternating current system, where there is 
likely to be a demand for motive power purposes. Іп addition to 
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these advantages, however, it may be pointed out that in districts where 
electrical energy is required for tramway purposes, and where a three- 
wire direct-current system of distribution has been adopted, the one 
type of plant may be used for both lighting and traction purposes, giving 
distinct advantages as regards simplicity, first cost, management, and 
spare plant. It has been already pointed out that the three-wire system, 
with a pressure of say 460 volts across the outers, can be economically 
extended to an area of supply having a diameter of about 4 miles, the 
Electricity Works being placed about the centre of such area. In 
dealing with larger areas much will depend on the character of the 
demand as to whether a high-pressure alternating or direct current 
transmission with low-pressure distributors, or house transformers in 
the case of an alternating current supply should be adopted for the 
more distant districts, or whether it would not be better to increase 
the number of generating stations. Where the out-districts are of a 
straggling nature, with considerable distances between consumers, the 
high-tension alternating system offers distinct advantages. Where, 
however, the demand is fairly good and the district compact the choice 
will probably lie between the high-pressure direct-current system, and 
an increase in the number of generating stations. 

Provided a suitable site or sites can be obtained within the area of 
supply, and that the cost of land is not excessive, it appears to the 
author that in the larger cities the practice of increasing the number 
of generating stations has much to recommend it if only from the 
greater immunity from a total stoppage of the supply in the event of 
an accident or fire at one of the generating stations. | 

Where, however, a suitable site cannot be obtained at reasonable 
cost within the area of supply, or where the advantages of some distant 
site are such as to show that a marked economy in working would 
ensue from its adoption, the use of one of the high-pressure systems 
hereinbefore described becomes a necessity for transmitting the 
energy from the Electricity Supply Works and delivering it after con- 
version to the low-pressure distributing mains. The advantage of 
direct current distribution in cities being conceded, the choice of system 
wil probably lie between the high-pressure direct and the three- 
phases alternating systems for pressures not exceeding 3000 volts, 
while for higher pressures the two- or three-phase alternating current 
system will probably be adopted. 

For scattered districts, covering a considerable area, where the 
district is of a purely residential character, the single-phase alternating 
current system, with a low-pressure network in roads where the 
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demand is fairly good, fed by transformers placed in chambers or pits 
under the footway, is probably the most efficient. With this system 
of supply house-transformers fed from the high-pressure mains would 
be used for extensions to the outskirts of the district, where the 
consumers at first would be few and far between, but as the demand 
increased consumers would probably be connected up togetber on the 
low-pressure side and fed from one transformer, and in this way a low- 
pressure distributing network would be gradually built up. 

Having decided upon the system of supply the attention of the 
engineer would be directed to the question of the type of plant to be 
adopted in order to attain the end he has in view. As in this country 
steam-engines are with but two or three exceptions used for dynamo 
driving, it may be well to, in the first instance, devote some attention to 
the plant and machinery used for steam-driving, and then, if time 
permits, to consider the question of gas-engine driving. 

Generation of Steam.—Speaking generally the boilers used іп 
Electricity Supply Works in this country may be divided into four 
classes, viz. :—the Lancashire, the tubular marine, the locomotive, 
and the water tube, each of which possesses advantages and dis- 
advantages, the relative values of which depends upon the con- 
ditions under which the boiler has to work, the space available, and 
the character of the feed water. 

For good steady all round work the Lancashire-type boiler possesses 
advantages, among which may be mentioned the large water area, 
by which priming is in a great measure avoided, even when the 
boilers are fed with dirty water; and the great steam capacity, by 
means of which rapid fluctuations of pressure are avoided. These 
boilers have the further advantage of being simple in construction 
and easy to clean. Тһе disadvantages attached to the use of this 
type boiler lie in the fact that it takes up a considerable floor space, 
and that owing to the large water capacity steam can be got up but 
slowly, a matter of considerable moment in places where, owing to 
fogs and other causes, a heavy demand is frequently and at very 
short notice made on the boilers. 

In the tubular marine type two designs are used, viz., the ordinary 
marine type, and that with a dry combustion chamber. These boilers 
give very economical results, and although not so accessible inside as 
boilers of the Lancashire type, they give very fair opportunities for 
cleaning and inspection. Тһе water surface, however, is not so large 
as in the Lancashire type of boilers, and, as with the Lancashire type 
boiler, considerable time is taken in getting up steam. 
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Where space is very limited, the locomotive boiler is occasionally 
used, as, for the space occupied, it is one of the most powerful boilers 
in existence. Its water capacity is, however, much less than that of 
either the Lancashire or the marine type boiler, and it therefore 
requires more careful stoking, and is more liable to fluctuations in 
pressure. Owing to the construction again, boilers of this type are 
not easily cleaned or examined ; but, on the other hand, it is a quick 
steamer, and is thus able to deal with sudden demands which may 
be made upon it. 

Where, owing to sudden fogs or other causes, heavy demands for 
steam are suddenly made upon the boilers, the water tube boiler has 
met with a considerable amount of favour, on account of the rapidity 
with which it can raise steam. 

This type of boiler, however, suffers from the disadvantage that it 
possesses a very small water capacity, and consequently very careful 
stoking is necessary to avoid fluctuations in pressure. The water 
surface, again, is much smaller than that in the Lancashire type 
boiler, and there is therefore a greater liability to priming; while 
owing to the difficulty in cleaning, great care has to be taken that 
the boiler feed is pure. 

With this type boiler, again, the floor space required for a given 
power is much less than with the Lancashire type, a matter of con- 
siderable importance where the land available is limited. 

Possibly the best arrangement of boilers in an Electricity Supply 
Works is a combination of the Lancashire or marine type boiler 
with the water tube type, as in such case, the large water capacity of 
the Lancashire or marine type boilers would conduce to the main- 
tenance of a steady steam pressure, while the presence of the water 
tube boilers would afford the necessary facilities for getting up steam 
rapidly, in the event of a sudden demand. 

Refuse | Destructors.—The adoption of refuse destructors for 
destroying garbage in a cheap and effectual manner, has directed 
the attention of engineers to the problem of economically raising 
steam on a large scale by the waste heat from such destructors. In 
dealing with this branch of the subject, very careful consideration 
requires to be given both to the arrangement of the boilers with 
respect to the destructor, and also to the thermal value of the refuse, 
which not only varies in different towns, but also varies with the 
degree of moisture contained in it; so that a refuse which under 
ordinary conditions would show a high thermal efficiency, will, if 
collected on à wet day, be next to useless for steam raising purposes. 
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Undoubtedly much may be done in well designed plants, and with 
refuse of a suitable quality, in the direction of steam raising, but 
unfortunately in some quarters a very exaggerated idea of the amount 
of steam to be obtained from the waste heat from such destructors 
appears to have got abroad, with the result, it is feared, that con 
siderable disappointment will be experienced, and work in this 
direction seriously interfered with. From the results obtained 
in the working of Destructors, where the waste heat is used for steam 
raising, it is found that the water evaporated per pound of refuse 
burned varies from ‘75 pounds at Bradford, to 1:5 pounds at Hereford, 
and 175 at Warrington. In some cases the destructors have been 
arranged so that the boilers may be fired with coal in addition to 
utilizing the waste heat from the destructors, but from the experience 
obtained with the Shoreditch destructor, it appears that the full 
efficiency of the coal is not obtained by such an arrangement. The 
arrangement of destructor and boiler likely to prove most economical 
is somewhat outside the scope of this paper; butattention may be 
drawn to the fact that in a well designed destructor, arrangements 
should be made for reducing the handling of the refuse to a minimum, 
and, further, that the true province of the refuse destructor is after all 
to destroy the refuse, and render the working of the destructor in- 
nocuous, a matter sometimes lost sight of in destructors designed for 
power purposes. 

Economisers.—For utilizing as far as possible the waste heat from the 
boilers, economisers consisting of a nest of tubes, through which the 
feed water passes to the boilers, are frequently used with a considerable 
degree of success. It must not, however, be assumed that an 
economiser is always productive of economy in working, even when 
the gases are passing away ata sufficiently high temperature to warrant 
their adoption ; as in cases where the boilers are only worked for a com- 
paratively few hours per day, it is quite possible that sums required to 
cover the interest and depreciation on the economiser will be in excess 
of the value of the fuel saved by their adoption. In supplying feed 
water to the economiser, care should be taken that its temperature is not 
less than say 90 degrees Fah., as if the feed is introduced at too low a 
temperature it causes the vapour in the waste gases to condense on the 
cold tubes, and so to set up corrosion. It is therefore good practice to 
first pass the feed through a feed water heater, which need only be 
large enough to take the chill off the water. 

Superheaters..— Го ensure that dry steam is supplied to the engine, 
and to prevent or reduce initial condensation in the engine cylinder, 
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superheaters have been used with a considerable degree of success. 
In arranging superheaters, care should be taken to provide means for 
controlling the temperature of the superheated steam, and for this 
purpose possibly the best plan is to arrange the superheater as a 
bye-pass to the main steam pipe, and to provide valves for regulating 
the supply to each superheater, and consequently to control the 
temperature of the mixture which passes on to the engine. 

The economy resulting from the use of superheated steam depends 
upon the degree of superheat and the type and design of engine 
used; the economy, as far as the engine 1s concerned, being in the 
inverse-ratio of the efficiency, or in other words, the worse the design 
of the engine, the greater the economy to be expected from the use 
of the superheated steam. At the Edinburgh Electricity Works, 
according to Professor Kennedy, a saving of steam of 22 per cent. 
was obtained with a superheat at the engines of 65 degrees Fah. ; 
and a saving of 11 per cent. with a superheat at the engine of 30 
degrees Fahrenheit. 

Steam Engines.—In the early days of electric lighting slow speed 
engines of the vertical or horizontal type, and driving the electric 
generators by belt or rope gearing, were usually adopted ; and there 
are a number of electricity works throughout the country where these 
types of engines and this system of driving has been adopted. With 
the advent of the Willans’ engine, however, the attention of engineers 
was drawn to the advantages of directly coupling the engines to the 
electric generators, and so saving a considerable amount of floor 
space, and reducing the cost of the building ; and to such an extent 
has this practice of direct coupling been taken up, that it is doubtful 
if rope or belt driving will again be adopted. 

For direct coupling, the types of engines may be divided into 
three classes, viz. :— 

(1) The quick revolution. 

(2) The slow speed vertical or horizontal. 

(3) The steam Turbine. 

Of the quick revolution engines we have two distinct types, viz., 
the single acting, of which the Willans’ engine is a typical example, 
and the double acting, of which the Belliss’ engine may be taken as 
representative. With the general details of construction of these 
engines the author does not propose to deal, his present purpose 
being rather to describe the relative advantages of the different types 
of engines used. 

Dealing first with the question of quick running, which is common 
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to both types of engines, it may be said that a quick revolution steam- 
engine is, for a given power, smaller and lighter than an engine 
running at a low number of revolutions ; and, futher, that owing to 
the shorter time during which the cylinder surfaces are exposed to 
the successive changes of temperature, the loss by initial condensation 
is reduced, so that the simple unjacketed cylinder of the quick 
revolution engine becomes as good as the long stroke, slow speed 
jacketed one. Тһе advantages, again, of quick revolutions in re- 
ducing the cost of the electric generators, will, of course, be apparent. 

Coming now to the different types of quick revolution engines, it 
may be pointed out that an engine is single acting when the steam 
acts on one side of the piston only, as in the old Cornish pumping 
engines; and that owing to the manner of working adopted, by which 
the space below the piston is made to act as a receiver, the single 
acting engine possesses certain economic advantages in which the 
double acting engine cannot share. Оп the other hand, however, 
these advantages are neutralised by the fact that, for a given speed, the 
single acting engine, to develop the same power, must have twice the 
cylinder capacity of the double acting engine. Another advantage of 
the single acting engine is that it can be worked upon the constant- 
thrust plan, by which the whole of the motion work 15 always kept in 
compression, and as there is no back lash, and no reversal of stresses 
in such an engine, it will, unless special precautions be taken, run 
freer from wear in its brasses, and at a quicker speed that would be 
possible with a double acting engine. 

To overcome the disadvantages to the quick running of double- 
acting engines, Messrs. Belliss adopted the method of pumping oil to 
every bearing of the engine and keeping it there under pressure, thus 
separating the working surfaces by a film of oil, and besides reducing 
the loss of energy due to friction of bearings, solving the problem of 
making a quick revolution double-acting steam engine capable of 
working continuously over extended periods, in a quiet and efficient 
manner and without undue wear. 

For the purpose of comparing the relative efficiencies of these types 
of quick revolution engines, attention was here drawn to a number of 
curves which had been kindly supplied by Messrs. Willans and 
Robinson, Messrs. Belliss and Morcom, and the Parson's Turbine Co., 
and which gave the results of official trials at their respective works. 

Among other questions frequently requiring attention when 
considering the type of quick-revolution engine to be adopted, is that 
of the absence of vibration, but a detailed consideration of this and 
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other equally important questions would unfortunately occupy more 
time than can at present be given to it, and the author feels reluctantly 
obliged to leave this interesting question and proceed to the discussion 
of the other types of engines referred to. 

Slow Speed Engines. —With the large units of power required to meet 
the demand in some of the larger undertakings, engines running at 
from 70 to 150 revolutions per minute will probably be generally 
adopted, and more particularly so in the case of direct current stations 
where the speed is limited to that at which the commutators can be 
satisfactorily run. For alternating current work again, the slow speed 
engine coupled directly to a fly wheel alternator has been adopted in 
the majority of the more recent works, where tbe plants exceed say 
150 Kilowatt capacity. For this work the engines are of the ordinary 
horizontal or vertical marine type, the variation in design being 
mostly in connection with the valve gears. The advantages claimed 
for this class of engine are that it is more accessible than the quick 
revolution enclosed type, and that it can be kept under continual 
observation when running, and also that owing to the lower speed 
of revolution the depreciation and wear and tear is less than with the 
quick revolution engine. 

Steam Turbines.—From time to time attempts have been made to 
produce an engine in which rotary motion is produced by the steam 
in passing through it, without the intervention of reciprocating parts, 
and of the numerous forms invented, that known as the Parson's 
Turbine is probably the most largely adopted. In this engine the body 
or shell contains a series of revolving discs, from the surface of which 
the turbine blades project, the blades being arranged on each disc in 
a series of concentric rings, while in the spaces between these rings, and 
carried by annular discs fixed to the body or shell of the turbine, the 
fixed guide plates stand. It will thus be noticed that each revolving 
disc, with its neighbouring fixed disc, forms a series of outward-flow 
turbines, the steam entering the series inside the smallest ring of blades 
and escaping at the circumference into a channel which conducts it 
to the inside of the next series ofrings. It may further be pointed out 
that by increasing the diameter of the various discs or groups of discs 
as the steam expands, the total expansion may be divided into stages, 
and any required degree of expansion obtained. Тһе speed of these 
engines varies from say 4500 revolutions with a 100 Kilowatt plant, 
to say 3000 revolutions with a 350 Kilowatt plant. These engines 
have been adopted by some of the Metropolitan companies in cases 
where, owing to vibration, quick revolution engines were found 
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to give trouble, the almost entire absence of vibration being one of 
their chief recommendations. In efficiency these engines compare 
very favourably with other types in use in Electricity Supply Works, 
the consumption of steam at low loads being extremely good. 

Condensers.— Where a plentiful supply of water can be obtained at 
reasonable cost, a substantial reduction in the cost of fuel may 
frequently be secured by the adoption of condensing engines. It 
must be borne in mind, however, that it does not always pay to use 
condensing engines, as their economy depends very much upon the 
conditions under which they work. For engines working intermittently, 
or for only a comparatively few hours weekly, it is possible that the 
interest and repayment on the cost of the condensing plant will more 
than cover the saving effected in the coal bill, and in such case, it is 
needless to point out, it would be unwise to adopt condensing engines. 
In any case the question requires to be very carefully consideren, and 
to be decided upon its merits. 

The types of condensers to be found in practice are (1) the jet con- 
denser, (2) the surface condenser, (3) the ejector condenser, and, (4) 
the evaporative condenser. Where there is a plentiful supply of water, 
which owing to impurities of one sort or another, may prevent it being 
used for boiler feed, and where the water for boiler feed is expensive, 
the surface condenser will probably be found the most satisfactory, as 
by its use the air pump discharge may be used for boiler feed and 
expense under this head reduced. Where, however, there is a plentiful 
supply of water suitable for boiler feed, the choice will no doubt rest 
between the jet condenser and the ejector condenser, the latter being 
probably chosen owing to the ease with which it can be applied 
to the separate engines, thus making each engine with its 
condenser quite independent of the others. It frequently happens, 
however, that both water and fuel are expensive, and in such cases 
evaporative surface condensers, fixed on the roof of the buildings, 
would very likely be most economical, although the clouds of steam 
given off from their surfaces would probably prove a difficulty, if the 
Electricity Works were situated in a crowded district. 

For cooling the condensing water where the supply is limited, cooling 
towers or tanks may be adopted; while for utilising the heat 
discharged from non-condensing engines, feed water heaters may with 
advantage be used. А discussion of these, together with many other 
details, are however beyond the scope of this paper. 

Gas Engines. —A number of examples can be cited in this country of 
Electricity Works where gas-engine driving has been adopted, butsofar it 


108 MILLER ON ELECTRICAL DISTRIBUTION IN CITIES. 


must be confessedthe results have not been as encouraging asthey might 
have been. In one instance, in. which the gas supply was taken from 
the town's mains, the price charged for the gas was so high as to 
seriously affect the financial results obtained from the working of the 
undertaking. In another, where producer gas was used, trouble was 
experienced, due to a nuisance arising from the waste products ; and 
in yet another case, the noise from the engine exhaust proved a serious 
disadvantage. In spite of this, however, there appears to be a future 
before the gas engine for work in this connection, but whether the 
engines will be of the type now used is a matter on which there is room 
for considerable doubt. In a paper read by the author on the 
* Efficiency of Gas Engines" (Transactions, Vol. XI.), he then stated 
that in his opinion the engine of the future would be one in which 
the gas was consumed in the engine at constant pressure, instead of 
constant volume, and although the difficulties in the way of constructing 
engines of this type have not as yet been overcome, he is still of 
opinion that for large powers particularly this type of engine has much 
to recommend it. 

Electrical Generators— Direct Current. —For the supply of electrical 
energy for lighting and power purposes the dynamos employed are 
usually shunt wound of the two-pole or multipolar type, the number 
of poles depending on the size of the machine and the practice of the 
manufacturer ; some firms making two-pole machines up to 300 to 400 
Kilowatt capacity, and others using multipolar machines for all but the 
smallest sizes. The armature windings of direct current machines 
may be divided into two classes, viz., the drum winding in which the 
armature conductors are arranged on the external surface of a cylinder, 
and the gramme or ring winding in which the conductors are wound 
on a hollow cylinder, the conductors being arranged on, and threaded 
through the interior of the cylinder. 

One of the chief advantages of the gramme winding is that the 
voltage between the adjacent coils is only a small fraction of the total, 
whereas in the drum winding the total voltage of the armature will exist, 
at places, between the conductors. On the other hand, however, in the 
drum type armature the total magnetic flux through the armature is 
cut usefully, and the distortion in the field is less than with the gramme, 
while in addition, the efficiency of the drum winding is higher 
than the gramme. 

Alternating Current.—Alternating current generators may be of 
either single-phase or multi-phase type, and may further be divided 
into three classes, depending upon the method of construction adopted, 
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viz., machines with revolving field magnets, machines with revolving 
armatures, and machines with revolving inductors. In addition to 
this, again, alternators may be still further divided into machines 
with iron in the armature and those without. Ав to the relative 
advantages of these different machines, it is very difficult to 
give an opinion. Тһе makers of alternators with no iron in the 
armature claim that а low coefficient of self induction is conductive 
to parallel running, and that on that account their machines are 
superior to machines in which the coefficient of self induction is high; 
while the makers of machines with armatures having an iron core, 
claim that a high coefficient. of self-induction is absolutely necessary 
to parallel running, and, further, that in the event of a short circuit in 
the system the back E.M.F. prevents a dangerous rush of current. 
Makers of fixed armature machines, again, claim that such machines can 
be made much stronger mechanically than can machines with rotating 
armatures, and that with their machines the high tension parts can be 
more efficiently protected, against accidental contact. Makers of 
rotating armature machines again claim that their machines can be more 
cheaply constructed. Аз a matter of fact, all the different types of 
machines are running successfully in parallel and doing good work, 
and the chief precaution to be observed appears to be in seeing that 
machines with iron in the armature and machines without iron in the 
armatures are not put to work together in the one station. 

With regard to the periodicity of the alternating current, a similar 
difference of opinion exists, some engineers favouring 80 to 100 periods 
per second, while others claim 50 to 60 periods as the best. Тһе 
balance of opinion, however, appears to be in favour of about 50 periods 
per second, which is more suitable for alternating current motors. 

Storage Batteries.—ln describing the different systems of supply, 
attention was drawn to the fact that owing to the use of storage 
batteries, the direct current system could be more economically 
worked than the alternating, as by their adoption the station 
machinery could be shut down during the hours of low demand, and 
the energy taken from the storage battery. It may be pointed out, 
however, that the same result may be attained, but in a lesser degree 
in the alternating current system, by providing a motor-alternator, 
arranged so that when the load is fairly good, the alternating current 
side will be used as a motor to drive the direct current side, the 
current from which would be used to charge a battery of secondary 
cells. Іп a similar manner, during the hours of low demand, the 
station steam plant could be shut down and energy taken from the 
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battery to drive the direct current side as a motor, which, in turn, 
would drive the alternating current side, and so deliver energy into 
the mains. Іп this way storage batteries can be used in alternating 
current stations to take the light load, but owing to the double 
transformation, the efficiency is necessarily lower than with the direct 
current system. 

Underground Mains.— Assuming that the engineer has completed 
the design and arrangement of the plant and machinery at the 
Electricity Supply Works, the next question which will demand his 
attention is the provision of a system of mains for the utilization of 
the electrical energy produced by the electrical generators, and as 
underground systems of mains are used in all but exceptional cases, 
it may be well to briefly discuss the various types of mains in general 
use, and the methods of laying same. 

Insulated Mains.—Whith the exception of bare copper systems, 
which will be considered under the head of “ methods of laying,” 
mains usually consist of cables formed of stranded copper wires, 
surrounded by layers of solid insulating material, and protected 

over all by coverings of tape or braiding impregnated with a preserva- 
_ tive compound. 

In the early days of electric lighting, india-rubber insulated cables 
were very largely used, but owing to their expense, and to their 
unreliability when laid underground, the use of rubber-covered cables 
in such situations has been almost entirely abandoned. Another type 
of insulator, which like india-rubber has the advantage of being water- 
proof, is bitumen, which is a natural hydro-carbon obtained in 
large quantities from the pitch lakes of Trinidad. In the crude state 
bitumen is allied to petroleum, naphtha, and shale oils, which are 
driven off in the refining process to which it is subjected, and the 
refined bitumen mixed with sulphur, and submitted to a process of 
vulcanisation, is then used as a dialectric in the Callender cables. 

Following the cables insulated with india-rubber and bitumen, which 
are non-hygroscopic dielectrics, are cables in which the insulating 
medium consists of jute, paper, or similar organic fibre, from which 
the uncombined moisture is driven during the process of manufacture, 
and which are then impregnated with preservative compound. Such 
cables are, however, prone to re-absorb moisture, which would, of 
course, destroy the insulating properties of the dielectric, and to pre- 
vent this the cables are waterproofed, by covering them with a 
continuous sheathing of lead, put on under heavy hydraulic pressure, 
the life of the cable thus depending upon the permanence of the lead 
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sheathing, and as this lead sheathing isliable to be damaged in handling, 
such cables are frequently required to be tested by being bent say six 
times round a drum the diameter of which is from 12 to 15 times the 
diameter of the finished cable, the cable being then tested electrically 
to ascertain if its insulation has been injured by such bending. 

In dealing with the insulation resistance to be specified, much 
depends, of course, on the type of cable to be adopted. In this 
connection it may be mentioned that there is no great advantage 
per se in specifying a very high insulation resistance, as it is not a 
high insulation resistance that is required so much as one that does 
not deteriorate with time. For india-rubber cables, an insulation 
resistance of 5,000 megohms per mile appears to be sufficiently high 
for most purposes With compound cables, however, a high 
insulation resistance is anything but an advantage, as it is more than 
possible that in obtaining it the nature of the dielectric may have 
been permanently injured, and for such cables the better practice is 
to specify a pressure test, which may be 5 to 10 times the working 
pressure. 

Methods of Laying.—Cables are usually laid in one of four ways, viz., 
(1) as bare copper, (2) as armoured cable laid direct in the ground, 
(3) drawn through pipes or conduits, on what is known as the 
“ drawing-in-system,” (4) laid in troughing and run in solid with 
refined bitumen, on what is known as the “ solid-system." 

In bare copper systems the conductors in the form of copper strips 
supported on glass or porcelain insulators is laid in concrete, earthen- 
ware, or iron conduits, care being taken in the construction of such 
conduits to prevent as far as possible access of water to the conduits. 
As it is almost impossible, however, to entirely exclude water, provision 
must be made for draining the conduits, for which purpose connections 
are usually made with the drains. In this system air insulation is the 
object aimed at, and the advantages claimed for the system are, 
(1) the ease and the comparatively small cost with which the sectional 
area of the conductor can be increased within wide limits, and the 
simplicity with which service connections can be made, (2) the small 
depreciation owing to the avoidance of perishable insulating mediums. 
On the other hand, it may be pointed out, there 15 the risk of the con- 
duits being flooded, the liability to chemical action at the insulating 
supports, under certain conditions, from leakage currents, and the 
danger of gas collecting in the conduits and causing trouble by explo- 
sion, of which latter danger there have been a number of instances. In 
most large towns, again, there is frequently a considerable difficulty 
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in finding space for the conduits under the pavements owing to the 
obstruction of other pipes. 

When cables are laid direct in the ground it is usual to provide a 
mechanical protection in the form of steel armouring, of which there are 
two systems, viz., those in which the armouring is formed of specially 
shaped steel wires arranged to lock the one on the other, and known 
as “‘lock-coil armouring ;” and those in which the protective covering 
consists of steel tape or steel wires wound round in opposite directions, 
the armouring, in both cases, being protected by a weather-proof 
covering of jute or bitumen. Тһе chief advantage of this system lies 
in the fact that it is cheap and easy to lay, but great care should be 
taken before deciding upon its adoption that the ground is free from 
impurities likely to attack the armouring. Іп laying cables on this 
system, it is usual to place a board over the cable, in order to give 
notice of its presence to men excavating the ground in the neighbour- 
hood. 

In the *drawing-in system," pipes or conduits of cast-iron, stone- 
ware, cement and iron, or paper tubes bedded in bitumen, or combina- 
tions of any of these, are laid in the ground and insulated cables drawn 
through them, pits being provided at intervals to faciliate the handling 
of the cables when being drawn in. Тһе advantages claimed for this 
system are that the cables can be drawn in or out without disturbing 
the surface of the road or pavement, and that provision may be made 
for extensions by leaving spare ways into which the cable may be 
drawn when and as required. Where the pavement of the road under 
which the pipes or conduits has to run is of an expensive character, 
there is no doubt much to be said in favour of the claims made on behalf 
of the “ drawing-in system," but in this, as in many other engineering 
questions, it is merely a question of £ s. d., and each case must be 
decided on its merits. The claims on behalf of the *drawing-in system” 
appear, however, to apply with greater force to feeders than to dis- 
tributors. 

One disadvantage under which the *drawing-in system” labours 
in company with the bare-copper system is the danger of trouble 
from gas or water finding its way into the pipes, and in laying such a 
system care should be exercised to make the pipes or conduits both 
gas and water tight. 

In the solid system the cables are laid in iron, earthenware, or wood 
troughing, kept clear of the sides and bottom of the troughs, and of 
each other (where more than one cable is laid in a trough) by wood 
bridges which have been boiled in oil or bitumen. Тһе trough is 


MILLER ON ELECTRICAL DISTRIBUTION IN CITIES. 113 


then run in solid with refined bitumen, care being taken that the 
bitumen is not poured too hot, and that it finds its way all round the 
cables, after which the troughs are finished with a layer of Portland 
cement, iron covers, or tiles. Mains laid on this plan are permanent, 
and form а good sound engineering job. Where earthenware trough- 
ing is used, and especially where lead-covered mains are used for 
direct current work, great care should be taken that the troughing is 
properly fired, and that there is no free salts on the surface of the 
troughing, as in such case there is grave danger of trouble from elec- 
trolytic action should any slight leakage occur. 

For alternating current work, concentric cables are almost universally 
adopted, especially for high pressure distribution, in which case the 
outer conductor is now usually earthed at the Electricity Supply 
Works. These cables may, of course, be laid on either armoured, 
* drawing-in," or solid system. 

Тһе details of the various feeder network, disconnecting service and 
other boxes, are matters requiring considerable attention, as however 
good the cable and the system of laying may be, considerable trouble 
may be expected where the details of these very necessary adjuncts 
do not receive the attention they merit. 

In conclusion, the auther has to express his regret that in the brief 
survey he has made of the practice of Electrical Distribution in Cities, 
he has been obliged to leave so much ground untouched, but 
trusts that his necessarily incomplete paper may be supplemented by 
others dealing with matters he has through want of space been obliged 
to pass over. 


Mr. Wright. 
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DISCUSSION. 


Мг. W. RyLE WRIGHT said—The subject is too large for and 
covers too much ground for any discussion, but there are one 
or two minor details at which I take exception. With regard to the 
flooring of the engine room, I do not care for tiles, as they are so 
easily broken during erection and maintenance of the plant, through 
the carelessness of workmen in allowing heavy tools to fall upon them. 
A much better floor, in my opinion, is the wood paved floor; it not only 
looks well, but does not injure the finish on the machinery when the 
latter comes in contact with it accidentally or otherwise. Ав to the 
portion of the paper dealing with alternating work, I cannot criticise 
this from much practical knowledge, as my experience has been 
chiefly with the 3 and 5-wire continuous current systems. 

In speaking of engines, the author says that slow-speed engines will 
no doubt be generally adopted, and points out that they are much 
more used for alternating current stations than the high-speed or 
quick revolution ones. In my experience I find that there is very 
little difference between the two engines as far as works’ costs are 
concerned, the wear and tear being much the same. Тһе enclosed type 
takes very much less cleaning and the oiling arrangements are much 
more perfect. "There always seemed to me to be some other outside 
reason for using the slow-speed sets, and I should like to know the 
reason for their nearly universal adoption for alternating work. With 
regard to underground mains, I have had considerable experience with 
these. For some three years I used steel armoured lead sheathed 
mains, and these were satisfactory where the soil was good, the great 
difficulty with this class of main being in localising faults. Тһе fault 
would often travel along the lead and earth, and pierce through the 
armouring at some distance off from the point of trouble. Аз to 
lead covered cables, these are far from satisfactory in my opinion 
for continuous current systems, owing to electrolysis. Iam now in 
charge of some miles of this class of cable, and am anything but 
pleased with it. In my opinion, for this class of work, nothing can 
come up to the well known vulcanised bitumen jute covered cable, 
laid in troughs and surrounded with bitumen, forming what is known 
as the solid system, Ав to the troughing, it may be either cast-iron, 
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wooden or earthenware ; if the last, I quite agree with the author in 
saying it must be well fired, and quite free from salt. 

Mr. FRANK E. PRIEST said— The previous speaker mentioned the 
flooring, which is quite a side issue but somewhat important. It 
occurred to me that wood blocks are about the very worst form of 
pavement for an engine house you can possibly have. Oil and grease 
and such things get on the floor and soak in and strain it. I think you 


will have to go a long way before you can find any material much | 


more serviceable than the old-fashioned flags. 

The means of protecting the underground cables is of course a 
matter that interests all engineers, and many of the devices have 
seemed to me to be peculiar. Ishould like to ask why in the particular 
form of concrete encasement intended for three separate cables, of a 
section somewhat like a truncated pear, the wider part of the block 
is placed uppermost, and the narrow part laid on the bottom. No 
doubt there is a reason for it, and I think it would be useful to 
know it. | 

Mr. ALFRED CLOUGH said—Speaking of engines generally, I served 
my time with slow-speed engines, and at the time the high-speed 
engine was put in the market I was rather afraid of it. My first 
experience of high-speed engines was with the Liverpool Electric 
Supply Company. Our first disaster was due to water in the cylinders 
of a two-crank 80 horse-power compound engine, running 450 
revolutions per minute. Тһе difficulty was overcome by the intro- 
duction of a separator in the main steam pipe, and I have not 
experienced any other difficulty since then with the slow-speed 
engines. | 

Тһе cost of maintenarice, oil consumption and attendance 1$ lower 
than with slow-speed engines. One engine driver can look after three or 
four times more horse-power with high-speed engines than he could 
with slow-speed engines, and I consider the high-speed single acting 
engine will bear very favourable comparison with any other type of 
engine or steam turbine. 

Mr. J. W. C. HALDANE said—There is just one point I want to 
mention, and that is the manner in which the dynamos are driven in 
this country. We use the steam engine. Formerly it used to be a 
separate engine with belt or ropes ; during the last few years, however, 
we have had various kinds of direct drawing engines, which are very 
admirable specimens of their kind. 

There is another system which I had the pleasure of seeing in 
Canada and the United States. These two countries lend themselves 
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very much indeed to the system of driving by water power, and many 
of the large works in Canada are thus driven. 

In one case a river about a quarter of a mile wide but very shallow, 
had a dam built right across it which raised the water level 28 feet, 
and which produced abundant power for driving purposes. 

Mr. A. H. ROBINSON said— Тһе author says that the two-mile radius 
is the economical limit to the three-wire system. Т have heard that 


‚ six miles would be quite effective at 230 volts. The first cost enters 


into the question principally. 

Mr. W. M. HoRsFALL said—I should have preferred if the author 
had said more on the subject of mains, which after all I would consider 
were one of the chief things in the distribution of electricity, and on 
which depends to a great extent the satisfactory working of a central 
station. The author states in speaking of the laying of mains, that it 
is usual to place a board over the armoured cables. I consider this 
essential. In a case of one of the local districts had this been done, 
a very serious fault would not have occurred. Unfortunately a pick 
had been driven through the armour and caused a short circuit. 

Another point I should like to mention is that it is necessary 
that the consulting engineer should go thoroughly over the ground 
for which a provisional order is to be granted and ascertain those 
streets which are not repairable by the local authorities. Very 
serious inconveniences and expense may be caused in after years by 
these powers not being inserted in the provisional order. Perhaps 
these remarks refer more to rural districts than to cities. 

Mr. W. J. Hine said—I think that the central station engineers 
great aim is, as regards the consumer, the continuity of supply and the 
quality, and it would have been interesting if the author had given a 
little more information on the question of feeder boxes. 

Mr. Wright made a remark as to locating faults in armoured cables. 
We have not yet had an experience of localisation of faults in armoured 
cables, but we have had them in lead-covered cables in an iron gutter. 

Мг. К. 5. DowNE said—The question of designing an electric 
supply system is more or less standardised, and depends very much 
upon the individual fancy of the designer. 

One point that struck me was in connection with alternators, and 
the claims of makers of alternators with and without iron. As 
a matter of fact the question of running alternators in parallel 
depends more on the engine than on the alternator. Asregards running 
alternators in parallel with iron and without iron, there is no 
difficulty in running them thus, a case in point being Southport, 
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where an iron machine is run parallel with a 1000 horse power disc 
machine. 

With regard to laying mains, one of the chief objections to 
the bare copper system is that some of the conductors have to be at 
a great depth. I remember some cases in which they have to be as 
deep as eight feet. 

Мг. J. A. PALETHORPE sald—I should like to ask whether а 
turbine is in use in central station work in competition with other 
engines. 

Mr. F. J. BAKEWELL said—The last speaker has mentioned the 
difficulty of getting rid of water in high-speed engines. This difficulty 
has been so far got over at the present day, that I have known a case 
where a 400 horse-power engine running at 380 revolutions per minute 
was started up from dead cold, and put on full load within 10 minutes, 
the relief valves acted well, and within three or four minutes, after full 
load the engine was working nice and quietly ; this test was made as 
the engine was for a London lighting station and might be required 
ata moment's notice. In alternating work one speaker mentioned the 
engine as being the chief point in running in parallel, and spoke 


of a Parson's turbine being consequently the best ; I quite agree with , 


him in that the engine 15 the chief factor, but my idea 15 that the chief 
thing required is a good governor to the engine, which would get over 
any difficulty of this nature. I have tested an engine which governed 
within 1 per cent. between full and no load, and although so sensitive, 
the engine ran quite steadily on all loads. With regard to water 
power for a generating station, although it is very successful in 
Switzerland and America where the supply of water is fairly constant 
all the year round, in this country we get a great variation of rainfall 
during the different seasons, and consequently whilst in winter we 
should have plenty of water to drive the turbines, in summer we 
should have to revert to steam. 

Speaking again of the high-speed engine, the question of vibration 
has been raised, but in my experience the present day high-speed 
engine has very little vibration to speak of, especially those of the three- 
crank type with the cranks at 120 degrees apart. 

Mr. Тномав L. MILLER, in reply, said—Mr. Wright referred to the 
question of wood blocks for floors, but I think Mr. Priest has answered 
that point. The disadvantages to my mind are that they get dis- 
coloured with the oil, &c. 

With regard to slow-speed engines for alternators, the Portsmouth 
station was, I think, the first in this country where slow-speed engines 
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directly coupled to fly wheel alternators were used. Mr. Ferranti’s 
contention was that the slow-speed engine was more economical than 
the high-speed, and that the wear and tear would be less. 

Mr. Wright advocates wood and earthenware troughs for laying 
cables. Оп the solid system, personally, I think the earthenware 
troughs are better than the wood, provided you have them well 
turned and that there is no free salt on the surface of them, as the 
earthenware is not so perishable as the wood. 

Mr. Priest referred to troughs in the shape of a truncated pear; 
these troughs are used for drawing in telephone cables, and they are 
placed in the position he refers to for the purpose of locking the 
different lengths. 

Mr. Robinson referred to the economical area over which electrical 
energy can be transmitted on the three-wire system, with 460 volts 
between the outers. I think Mr. Addenbrooke has mentioned an 
area having a diameter of six miles, and no doubt this can be done if 
the density of lighting be great. But it is doubtful whether in 
ordinary cases it is economical to go beyond the distance I have 
given, which is, I think, a fair average, and does not entail an excessive 


. expenditure on mains. 


Mr. Hyde referred to the question of feeder boxes and other details 
of cable systems. І quite agree with him as to the importance of 
these very essential details, which, unfortunately, in many instances 
receive far too scanty attention from manufacturers. You may have 
the finest cable it is possible (о manufacture, but if you lay it in 
conjunction with badly designed and constructed feeder and other 
boxes, your cable system is sure sooner or later to give trouble. 

Mr. Downe referred to the question of running alternators in 
parallel. Тһе point I desired to draw attention to was that, in 
stations where alternators with iron cores and alternators without iron 
cores were run in parallel together, there was a danger, owing to the 
greater self induction of the iron-cored alternator, of the armatures 
of the machines without iron cores being severely strained in the 
event of a short circuit, through the sudden rush of current. "There 
is no doubt that both types of machines may and do run satisfactorily 
together in parallel, so long as no fault occurs, but what I wish to 
point out is that there is a danger of trouble, in the event of a short 
circuit occurring. I quite agree with both Mr. Downe and Mr. 
Bakewell that the engine and the engine governor are great factors in 
the satisfactory parallel running of alternators. 

Mr. Palethorpe asked a question about steam turbines being used 
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in central stations for other reasons than trying to reduce vibration 
troubles. In reply, I would point out that absence of vibration is only 
one of the advantages claimed for steam turbines, and that one of the 
Newcastle-on-Tyne districts is entirely served by this type of steam 
engine, as are also the towns of Cambridge and Scarborough. Тһе 
largest steam turbine made up to the present time is, I believe, one of 
10,000 horse power used for driving a torpedo boat. 
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RAILWAY CONSTRUCTION AND MAINTENANCE. 


Bv F. E. G. BADGER. 


Tuis paper is not intended to describe in detail the construction of a 
railway from the preparation of the plans to the completion of the 
work, but to touch upon a few points, both in construction and main- 
tenance, that are not generally brought under notice. 

It is an endeavour to describe the method adopted for the purpose 
of investigating what improvement can be made to facilitate the better 
working and maintenance of a railway, and for this purpose, it has 
been divided into the following sections :— 

(1) Application of versines for the improvement of curves. 

(2) Methods adopted for adjusting and setting out permanent way. 

(3) Relaying permanent way. 

(4) Super-elevation of the outer rail of curves. 

(5) Ballast. 

(6) Slips in cuttings and embankments. 

(7) Defects of formation. 

(8) Transverse. or cross sleepers. 
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VERSINES. 


When the relaying or adjusting of curves is about to be executed, 
it is desirable, where there is no recent survey of the line, to have 
versines taken throughout the entire lengths of the curves, and the radii 
compared with those found from the small scale line plan or ordnance 
sheets, usually kept in the office. In most cases, there will be very 
little difference between the two results, although the versines define 
the changes between compound curves much -better than small scale 
plans. 

Versines should also be taken of all curves on the main lines every 
12 or 18 months, and if any portion of the curve is found to be out of 
alignment, the ganger should be instructed to put matters right. Of 
course, any defects of curvature apparent to the eye the ganger puts 
right from day to day, as required. 

When checking the radius of a curve by means of the chord and 
versed sine, the higher rail should be chosen. The platelayers work 
to this, letting any inequality in gauge of chairing go to the inside. 

If the lower rail is taken, in addition to the defects mentioned 
above, а “burr” is very likely to be met with, as it is on the opposite 
side of the rail to the flange of the wheel. 

In arranging the chords, each one should partially overlap the one 
before it, 2.е., the second chord should be taken onwards from a point 
on the curve opposite to the centre of the preceeding chord, as shown 
on diagram No. 4, Plate VI. 

By this means sufficient information may be obtained to plot the 
work on paper ; this method of plotting is not absolutely reliable, but 
it serves its purpose at times. 

Instead of using a string line for the chords on the ground, fine 
piano wire, wrapped round a piece of wood at each end and pulled 
tight, is found to be the best for the purpose, as it is very little affected 
by wind. | 

A formula for finding the radius when the chord and versed sine 
are known 15 А= соак ARE where А = radius in feet, V = 


versine in feet, and chord is also in feet. 


PERMANENT WAY. 


As there is a tendency nowadays to increase the weight of engines 
and rolling stock generally, as well as increasing the speed, the per- 
manent way has to be made correspondingly stronger. 
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The permanent way, which will be described, is the double headed 
rail resting in cast-iron chairs, held tight by means of a wooden key, 
the chairs being secured to transverse or cross sleepers. 

The gauge almost universally adopted in this country is 4 feet 
84 inches inside to inside, and 5 feet 2 inches outside to outside of 
rails. For a double line, 16 feet 4 inches is required between the 
outside rails, which allows 6 feet between the inside rails ; and for a 
quadruple line, 42 feet 8 inches, which allows 10 feet between the 
two middlelines. A siding should not be placed nearer than 10 feet 
to a running line. 

In designing new, or scheming the improvement of existing per- 
manent way, especially where points and crossings are required, it is 
essential that the whole arrangement be properly calculated and 
plotted to a large scale of either 8 or 10 feet to an inch. A few hours 
careful work in the office will often save several days on the ground 
setting out, and a large expense getting the work to fit. 

The diagrams will illustrate how this should be done. Supposing 
it is desired to run say a sharper curve between a piece of straight and 
a flatter curve. Тһе straight is continued indefinitely, and a point 
selected anywhere on the flat curve, from which a tangent is drawn 
and continued until it intersects the straight, both tangents being made 
the same length. The angle C is measured with a protractor, and 
the radius calculated by the formula :—A = 7 log cot 4 С. If this 
radius is not found to be quite satisfactory, then a fresh point is chosen 
on the flat curve, and again calculated, until the desired improvement 
is effected. 

The same principle is adopted for a curve between two straights, 
a compound, or areverse curve. Reverse curves are not recommended 
for main lines, as vehicles when travelling at a high speed would have 
a tendency to leave the road at the point of reverse curvature, and for 
that reason a length of straight of at least 80 feet should be provided, 
which will admit of the proper amount of super-elevation being given 
to each curve. 


POINTS LEADING OFF A STRAIGHT ROAD. 


The method adopted in text books generally, of continuing the curve 
of a connection to the toe of the points is not practicable, because all 
points up to 20 feet in length are straight from toe to heel. 

The length and position of the points having been decided upon, 
the standard offset of 44 inches—which is the distance between the 
running edges of the rails, at the heel—should be plotted, and an 
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indefinite line drawn from the toe through this point. This line gives 
the correct direction of the points, and is also the proper tangent line 
from which the curve should be ranged by offsets in the usual way, 
commencing at the heel of the switch. As a means of obtaining more 
accurate plotting, it will be found better to muliply the 44 inches by 
any convenient number, and multiply the length of the points by the 
same number. For example, take 18 feet switches ; at the heel there 
must be 44 inches offset from the straight ; multiply this say by 6, 
and plot off the quotient at a distance of 18 feet by 6 — 108 feet from 
the toe of the points. This line gives the true direction of the switch, 
and is also the tangent line for the curve. 


POINTS LEADING OFF A CURVE. 


Diagram No. 2, Plate VI., shows a case of points coming off on the 
outside of a curve. The tangent line to the curve is drawn, and the 


offset calculated at the heel of the points by means of the formula 
2 


0-22 where Z = distance in feet set off on tangent line, А = radius 
in feet and О = offset in feet. Тһе standard distance from outside to 
outside of rails at the heel of the points as stated above being 41 
inches, the offset distance calculated by the formula should be de- 
ducted from the 43 inches, and the remainder, after being multiplied 
by any number, should be plotted at a distance from the toe, equal to 
the length of the points multiplied by the same number. Аз an 
instance, take 18 feet points coming off a curve of 40 chains radius, 
| , 18 ft. x 18 ft. 
the offset from the tangent line at the heel will be 3x 40chs. x 66 = 
736 inches. 4:5 ins. — ‘736 ins. = 3/764 ins. 3:764 ins. x say 6 = 
22:59 inches, which must be plotted above the tangent line at a 
distance of 18 feet x 6 — 108 feet from toe of points. This gives 
the true direction of the points, and forms the tangent line from 
which the desired curve should be ranged. 

Where the new connection comes off on the inside of a curve, the 
offset of “786 inches should be added to the 41 ins. and plotted in 
a similar manner thus, 45 ins. + 7736 ins. = 5:236 ins. 5:236 
ins. x 6 = 31:416 inches, which should be plotted below the tangent 
line at a distance of 18 ft. x 6 — 108 feet from toe of points. 

As the new curve cannot commence exactly at the heel of the points 
in consequence of the fishplate joint and the sleeper, the author 
usually adds about 2 feet to the length of the switches on the drawing, 
before commencing the curve. 


134 BADGER ON RAILWAY CONSTRUCTION AND MAINTENANCE. 


In all connections with the main line, it is desirable, if possible, that 
the switches should not beless than 18 feet long, but, in cross-over 
roads, it will often be found more suitable to adopt switches 15 or even 
12 feet in length. When facings points are required through which 
fast trains will travel, they should be made as long as possible, say 
from 20 to 30 feet ; but points of this description can only be used 
where there is plenty of room for a long lead, for, with a given curve, 
the longer the switch the longer the lead becomes. 

The great advantage of using long switches is that the heels can be 
curved to the required radius, as it is only necessary that a length of 
20 feet of the points should be straight. This reduces the knocking 
at the joint very considerably, and vehicles run through the points 
much easier. 

In addition to the method of arriving at the length of the lead 
which has just been described, there are of course mathematical 
formule for arriving at similar results, but from experience with 
straight switches and crossings, the geometrical method is considered 
preferable, especially where the connections are of a complicated 
nature ; but before leaving the subject, it may be as well to give a 
formula for calculating the lead entirely mathematically, and it is in- 
teresting at times to check one by the other. (See Diagram No. 5, 
Plate VI.). 

The angie the switch makes with the main line — 6. 

Then angle А = 90° + б. 

(1) Z sin В = logb + L sin D — loga. 

(2) бес = log à + L sin C — Г sin В. 

Then reduce /og с to a number, and add the length of the points, and 
the result will be the length of the lead. 

The angle of the crossing will be 90° — В. 

The following formula is quite near enough for all practical 
purposes, and does not require the use of Trigonometry. 


L? 
(1) See Diagram No. 6. = 9р 
12 = Ох 2R 
L = JO х 2R 
а) 0 =з 
2R 
%-Ох9Р 
P= JO x 2R 


. the lead = Z – / + length of points. 
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In the case of a curve off a curve, the calculation is a most tedious 
and lengthy proceeding, and by far the quicker and more accurate 
method is to draw the connection out to a large scale as previously 
explained. 

The angles of crossings are usually described as 1 in 6*6, 1 in 8:0, 
&c., which represents an opening of 1 foot in a length of 6 feet 6 
inches or 8 feet, as the case may be. Тһе angle of a ** V" crossing 
may be as sharp as desired, but it should not as a rule be flatter than 
1 in 12. 

Diamond crossings should never be flatter than 1 in 8, which is a 
limitation fixed by the Board of Trade ; they may be anything under 
this, even 1 in 1 ; but the best result will be obtained by using 1 in 
7:6 diamonds on the straight, and arranging the other permanent way 
to suit. 

It is in the neck of diamond crossings where a great many wagons 
leave the road during shunting operations, and for this reason brakes- 
men and others in charge of trains are instructed not to stop wagons 
in the diamonds. It will be obvious that if the wheel of a vehicle 
standing at the point 4 on diagram Хо. 8—especially in a curved 
road—were suddenly pulled, it is almost as likely to take the wrong 
road as the right, hence it is very important that men in charge of 
goods trains should have proper instructions, so as to guard against 
the possibility of derailment. 

Reverting again to switches, it may be as well to give the Board of 
Trade requirements as regards the position which they occupy, 
relative to the signal cabin which works them :—- Distance to facing 
points not to exceed 180 yards, and distance to trailing points not to 
exceed 300 yards. | 

Since the draft of this paper was prepared, the Board of Trade have 
agreed to a distance of 200 yards to facing points, provided they are 
fitted with satisfactory detectors and strong rodding. 

All curves 10 chains radius and under must be provided with a check 
rail, the space between the running rail and the check rail being 24 
inches. 

Diagram No. 9 is an example of a three-throw, a type of siding 
connection largely used at one time, especially where space was a con- 
sideration. The great objection, however, to this arrangement is, that 
in order to get in the second pair of points it is necessary to have the 
road wider than the gauge by 14 inches; in other words, the gauge 
must be 4 feet 10 inches instead of the standard 4 feet 8$ inches, and 
this is a source of danger. 
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Three-throws also require a great deal of attention to keep them in 
a proper state of repair, and for the foregoing reasons they have been 
replaced by the arrangement shown on diagram No. 10, Plate УТ, 
termed a “ Panier lead.” | 

It will be understood from the cross section, that it is impossible to 
work the second pair of points unless there is a space of 71 inches 
between the two rails, so that the distance between the two switches 
varies according to the radii of the curves, &c., but generally speaking 
the distance is about 24 feet. 

Under exceptional circumstances the 74 inches can be reduced, 
and the points brought nearer together by chipping the bottom flange 
of the rail at X (see section A B), but this is not to be recommended, 
as it reduces the strength of the rail. 


RELAYING. 


As it 15 necessary that the lines to be relaid should be decided upon 
sometime beforehand, there is a good opportunity in the meantime for 
making surveys of important connections, and schemes prepared for 
any improvement that may be desired. 

No standard price can be given, as the conditions vary so much, but 
assuming the average weight of rails generally used by our leading 
Railway Companies, and taking the price of materials before the 
recent rise, to relay with new materials in the best іпаппег, about 
23s. per lineal yard may be taken as an average price. This, of 
course, includes all charges, such as locomotive power, traffic de- 
partment, materials, ballast, &c., and allows for the credit of the old 
materials taken up, of which most of the latter are serviceable for 
sidings. 

There are several methods of carrying out relaying. Опе is to 
interlace the new material with the old, about twelve inches away, 
and then slue into position as soon as the old is removed. 

Another is to gradually replace the old material with the new, by 
putting the new rails into the old chairs and sleepers, afterwards 
taking out the old sleepers and substituting new, one by one. 

The best and most generally adopted method, however, on main 
lines outside London, is to clear away entirely the old material, and 
prepare the bed for the sleepers before the new material is put 
together. 

To give in detail every step in relaying would take too long, so the 
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author confines himself to a few general remarks upon the third 
system just mentioned. 

Under favourable circumstances, say in Open country, with space 
at the side of the line for laying the materials, good existing stone 
ballast, and a fairly straight road, it 1s possible with a staff of 150 
men to relay a mile of single line between 6 a.m. and 7 p.m. ona 
Sunday, on which day possession of the line can be most readily 
obtained. 

A few days before the actual relaying is to take place, the ballast 
is removed from between the sleepers and thrown into the adjoining 
four foot, during which time all trains are slackened. The new steel 
rails are laid down in the six foot in pairs, and marked with chalk 
where the new sleepers are to go. 

The road is broken about 6 a.m. on the Sunday, and the old 
materials carried to the side; the bottom ballast is then loosened and 
levelled, ready for the new chaired sleepers to be put approximately 
in position, opposite the marks on the new rails which are lying in the 
six foot. 

The rails are then dropped into the chairs—from 12 to 14 men are 
required to lift a 30-foot rail—a piece of bent iron being put between 
the ends to allow for expansion. If everything goes well, this 
operation should be completed by 10 a.m. The wooden keys are 
then put in the chairs. 

A gang of six men follow, who pack with ballast to the desired 
level, four sleepers in a rail length, several gangs following to pack 
the remainder. Тһе sleepers should not be packed too much in the 
middle, or it will cause the ends to oscillate when a train travels over, 
and for this reason a strict supervision should be kept. 

When this work is completed throughout the whole length, it is ad- 
visable to run the ballast train slowly over, in order to consolidate 
the sleepers. Тһе new ballast is then thrown on and the line finally 
packed and straightened. 

The slackening of trains should be continued for a day or two 
until the road has been made perfect, as new permanent way requires 
frequent adjusting at first. 

During relaying it is necessary to allow a space between the ends 
of the rails for expansion, and of course this space depends entirely 
upon the temperature of the rails on the particular day. 

Having found the temperature by means of a thermometer, refer to 
the diagram to obtain the space to be allowed. 

The diagram is based upon the following, assuming that the rails 
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may be exposed in summer to a temperature of 130 degrees 
Fahrenheit :— 
5 = "000,007 d.l. 
Where 5 = space to be allowed. 
d = degrees below 130° (г.г. 130^ — actual temperature). 
/ = length in feet of rail. 
Pieces of iron of the desired thickness, bent in the shape of angle 
iron, are placed between the ends of the rails, to maintain the ex- 
pansion spaces until the fishplates are bolted up. 


SUPER-ELEVATION OF THE OUTER RAILS ON CURVES. 


In order to counteract the tendency of vehicles to go straight, it is 
necessary to cant the rails. 

This tendency arises from three causes: centrifugal force, parallelism 
of the axles, and slip of the wheels. | 

The theoretical super-elevation should be determined, taking into 
consideration the ordinary running speed of passenger trains; but 
where there is a case of higher speeds down an incline, it is ad- 
visable perhaps to adopt an average of those higher speeds for the 
super-elevation 

The following is a formula which is very greatly used for finding 
the cant, where W= width of gauge in feet; V= velocity in miles per 
hour ; А = radius of curve in feet; S= cant in inches. 


BALLAST. 


The best material for ballast is stone, either granite or other hard 
rock, broken similar to road metalling, only rather smaller and of 
three or four sizes, according to specification. Stone that decays 
readily by the action of air and moisture ought to be carefully avoided. 
In the absence or scarcity of suitable stone, the slag of iron works, 
broken to proper size, may be used. 

Engine ashes and also clean gravel are largely used as a material 
for ballast, but these are gradually being replaced on the main lines 
by granite and hard stone, which are found to give a much better 
result. Тһе latter are superior as regards maintenance of permanent 
way, and in addition to this there is not so much trouble with dust 
rising and getting into the working parts of vehicles when passing 
over. 
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In situations where exceptional provision is required for drainage 
purposes, as under pick-up water troughs, 2 feet 6 inches of pitching 
covered with one foot of stone ballast makes a good dry road. 

It is apparent, that when an engine is picking up water and 
travelling at a high rate of speed, there must necessarily be a large 
quantity of water thrown on to the ballast, so that good drainage is 
essential. 


SLIPS. 


Slips are the cause of a great deal of trouble, especially when they 
occur unexpectedly. In some cases, of course, a bank may have 
given signs of movement before the actual collapse takes place, and 
in others the first intimation comes from the ganger or engine driver, 
who reports the matter to the nearest signal cabin. 

Flagmen are immediately called out to either stop or slacken trains, 
and the first thing to do, is to get as many trains of cinder ballast sent 
on to the ground as may be thought requisite, to temporarily pack the 
road. : 

The cinders are unloaded along the whole length of the slip, both 
in the six foot and alongside the line, and the permanent way packed 
until the desired level has been obtained, watchmen, of course, re- 
maining on duty as long as required. 

Cinders will very often remove the evil, but where the slip is 
serious, and likely to give further trouble, the only effectual way of 
dealing with it is to thoroughly drain the bank. 

This can be attained by constructing rubble counterfort drains 
from four to seven feet wide, and from 14 to 30 feet centres, as the 
occasion may require. Тһе excavations in the slope should be con- 
tinued to a depth of about three feet below the bed of the slip, when 
the rubble is thrown in and the shoring or trench timbers removed in 
the usual way, putting in drain pipes to conduct the water to a suitable 
outfall. А section of a drain recently laid in on this principle is 
shown in Diagram No. 7, Plate VI. | 

As an alternative to the straight counterfort drains running down a 
bank, branch drains of a “ Y " form on plan are sometimes adopted. 
In cuttings, where the counterfort drain is too low to be connected to 
the ordinary side drain, a special drain would have to be constructed. 

Before commencing the excavating, however, it is advisable to put 
in longitudinal timbers under the existing sleepers which carry the 
rails, of sufficient length to be well clear of the opening, say about 
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30 or 40 feet long; and in order to ensure these timbers having a 
proper bearing, close sleepers should be placed under them as shown 
on diagram. 

From observations which the author has made of some recent slips, 
he is of opinion that when the embankments were formed the earth 
work was tipped sideways, and always at nearly the full height, the con- 
sequence being that the largest pieces of clay would roll to the 
bottom, and the finer and softer material would stay in the middle; 
the clay at the sides would no doubt prevent the escape of water, and 
the continual vibration caused by trains passing over would have a 
churning effect upon the softer material forming the inside of the em- 
bankment, ultimately leading to the movement. 

A very good method of forming a high embankment is to have 
three separate temporary roads diverging from the overland sidings, 
and tip endways, keeping the two outside tips the more advanced ; 
the middle one following on then acts as a kind of key. 

Another method, and one which is frequently adopted, is to tip 
in layers from 15 to 20 feet deep, taking special care that the bottom 
layer, and in fact every succeeding layer, is kept to the full width of the 
embankment. 

Slips are primarily due to water finding its way and accumulating 
іп the embankment ; or they may be due to a poor clay which 15 
sodden with water, sliding on the original surface of sloping ground ; 
but in good work it is usual to bench the surface of the incline, to 
give the tipped material a better hold. 

The height to which an embankment should be taken above what 
is permanently required, depends upon the material used, and also 
upon the weather during the work, and some experience is necessary 
to decide upon this, but speaking generally, if an embankment say 
20 feet high and 100 feet wide is formed of clay, in changing weather, 
it should be taken about six inches higher than the desired permanent 
level to allow for settlement; if in dry weather about nine inches 
should be allowed ; and if the clay has been excavated by a steam 
navvy, it is necessary to allow as much as a foot or fifteen inches. 

An embankment of sand and gravel settles very little, and it is rarely 
necessary to allow more than two or three inches. 

On all embankments, a uniformly distributed thickness of soil of 
not less than six inches should be spread over the surface, and sewn 
with grass seeds in the proportion of 30 pounds of rye grass and 19 
pounds of clover to each acre. 


BADGER ON RAILWAY CONSTRUCTION AND MAINTENANCE. 131 


WET FORMATION. 


If a railway is constructed upon a poor or wet clay and in cutting, 
a great deal of trouble will often be experienced in keeping the dirt 
from rising through the ballast, due to the churning effect upon the 
bed when a train goes over, involving constant attention to keep the 
road good. 

Stone pitching, varying from one to two feet deep, is sometimes 
resorted to, but after this has been in the road a short time, there is a 
repetition of the mud rising up, and the permanent way is in quite as 
bad a condition as it was formerly. | 

One of the best remedies for a case of this kind, is to lay a bed of 
sand or fine cinder screenings about three inches thick on top of the 
clay, afterwards laying the stone ballast in the usual way. In course 
of time, the ashes form into a sort of cake, effectually preventing mud 
from getting through, and it will be possible to maintain a good road 
afterwards. 


SLEEPERS. 


Wooden transverse or cross sleepers are almost universally adopted 
in this country. Steel and iron sleepers have been tried, but it was 
found that they were not so suitable as wood to withstand the varying 
conditions of the weather, &c., and consequently they have been 
abandoned. 

The Australian hard woods Karn and Jarra are now being tried, 
but they have not been in the road sufficiently long to form an 
opinion as to their durability. 

Sleepers of Baltic red pine are found to give very satisfactory 
results, and in order to ensure that each sleeper has a certain pro- 
portion of hard wood, not more than two sleepers should be cut from 
one block. 

Upon arrival in this country the blocks are sawn into sleepers, and 
after having been stacked for about six months for seasoning, they are 
adzed and bored ready for creosoting. Тһе sleepers are adzed about 
linch deep for the cast-iron chairs, and in order to obtain a more 
perfect bearing, a layer of felt about 4-inch thick is placed between 
the chair and the sleeper. 

The sleepers are next put on iron trucks and run into a steel 
cylinder, large enough to accommodate from 100 to 400 sleepers. 
After the ends of the cylinder have been sealed, the air is extracted 
to form a vacuum, and the creosote oil allowed to enter. Тһе oil is 
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put under a pressure of from 100 to 200 pounds per square inch, and 
when the sleepers have been under this treatment from one to two 
hours, something like one gallon of oil per cubic foot of timber 
will have been absorbed. The chairs are then put on ready for 
immediate use. 

Sleepers which have been treated in this way will last on an average 
15 years in the main line, and even after this length of time most of 
them are serviceable for branch lines and sidings. 
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DISCUSSION. 


Mr. ERNEST S. Wircox said—I should be glad of some further 
information respecting the formulz given, more especially with regard 
to the superelevation. Ш the author could give us an idea of 
what they mean say on a 20-chain curve for trains running 40 miles 
an hour it would be an advantage. 

I think what the author says about relaying is very interesting, and 
where you can get hold of plenty of men no doubt the system he 
proposes, of cutting out the old road entirely, say a mile length 
at a time, and relaying at once, is good, but in many cases it is 
impossible to get hold of 150 men, and in those cases short lengths 
or other methods must be adopted. 

I like the author's idea of top ballast ; it is rather luxurious, but I 
suppose it is coming into use very largely. : 

With regard to slips and drainage of embankments, in cases that I 
have had to deal with lately, on one or two railways, we were fortunate 
enough, in the course of construction, to have one or two good rock 
cuttings, and we agreed with the contractors that if they would tip the 
top four or five feet of the embankment with rock rubbish from the 
cutting, we would absolve them from the stone pitching. They did 
this, and so far as I know the embankments have stood remarkably 
well. I think that the top four or five feet of broken stone absorbs, 
and holds in suspension for some time, a Jarge amount of moisture, 
and lets it off gradually, and in any case it drains away to the outside 
of the embankment and saves it from slipping. I do not remember 
in my experience having been so unfortunate as to have a slip in an 
embankment which went deep enough to require a special drain of 
the kind referred to by the author. 

I have lately adopted a special system of draining cuttings, which 
has proved satisfactory, z.e., sinking socketted drain pipes with 
catchpits every five chains, the rule being that the trench should be 
twice the depth of the diameter of the pipe, the pipe itself to be puddle 
jointed and bedded up to the horizontal diameter, the rest of the 
joint being left open, the trench then to be filled in with clean broken 
stone to the levelof the top of the stone pitching on the formation, and 
then the top ballast carried right across to the foot of the batter. 
This gives an excellent drainage, a wide space for the platelayers to 
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work іп, and a good support to the batters. It well pays for itself 
afterwards. 

With regard to the sleepers, I have not had any experience of the 
Australian woods, and I must congratulate the author if he has 
found that creosoted sleepers on the main line can be reckoned to last 
15 years; he must have had exceptionally good opportunities of 
getting them creosoted, far better than we have been able to get 
in this part of the country. I have found that to get 150 pounds 
pressure in the tanks has been quite impossible, and that when we 
have got 90 pounds we have been fortunate. Latterly I have been 
using Haskinized sleepers, and although I have not had time to see 
the result, I have entire confidence in them. They have a perfect 
plant at Millwall dock for the process, which is one that appeals to 
your reason, and, I think, will prove to be the right process for the 
preservation of timber. There is nothing put into the timber ; the 
natural juices are what the Patentee says is the right preservative for 
all timber. What he prefers in his process is that you should cut a 
tree down in the morning, saw it into the sizes you intend to use 
and hand it to him in the afternoon, and in two days he will hand it 
back to you ready for any work that may be required. "There is no 
shrinking or warping. Не puts the timber into one of four cylinders, 
each 112 feet long, and pumps in air at a maximum temperature of 
240 degrees, and up to 240 pounds per square inch, and, as he says, he 
does what is done in boiling an egg. He practically converts the natural 
juices into fibre, and when you get your timber it is as hard and solid 
as possible. 

Mr. S. B. COTTRELL said—This paper must be all the more 
interesting to those present who are not, like myself, old railway 
constructionists. I should like to ask the author who takes all these 
versines ; is it done by the office or the platelayers? Тһе latter 
prefer a few pegs, and the curve is centred by the eye. 

The superelevation for rails formule will no doubt be worked 
out by Mr. Wilcox, but a very useful practical method used by 
platelayers is to take а 60-foot chord and measure the versine in 
the middle which will give you the superelevation for trains up to 
40 miles an hour. It is only а platelayer's rule of course. Broken 
stone as ballast is undoubtedly the best, both from the point of 
view of the passengers and also ultimate economy, but I find great 
difficulty in getting platelayers to use it. 

I should like to ask the author what his experience is with big slips 
in construction of embankments. I have tipped banks up to 85 


DISCUSSION ON RAILWAY CONSTRUCTION AND MAINTENANCE. 135 


feet high, and in some cases I have had to drain the whole formation, 
drains 20 and 22 feet deep. We have then barrowed about nine 
feet all over that, and then tipped not higher than seven feet, 
and as a result we have the bank solid from below. 

I also agree with the author as to wet formation, 2.е., ashes on sand 
before putting in the pitching. 

Referring to the question of sleepers, I do not know what railway 
the author represents, but should like to know what wane is allowed 
on the sleeper. 

As regards creosoting, I have always specified a pressure of 120 
pounds, together with the temperature and component parts of the oil. 
With regard to the dimensions of sleepers, for many years 8 feet 104 
inches by 10 inches by 5 inches was given. The reason for that was that 
many years ago there was a tax on all imported timber nine feet and 
over in length, and the dimension has survived to this day. 

Mr. FRANK E. PRIEST said—I have just been working out the 
superelevation by these formula, and I find that the author's formula 
for 40 miles 20 chains is 4:55 inches, superelevation, whereas Mr. 
Cottrell’s formula gives 3:96 inches, 2.е., -inch between them. 

I should like to know with regard to the use of hard ballast 
whether any ill effect is found on the undersides ofthe sleepers. I 
presume not, but it occurred to me when hard ballast was first being 
introduced that it was likely to have such an effect. It seemed to 
me that the undersides of the sleepers might be so bruised by the 
ballast as that where the creosoting was at all defective, decay of the 
inner part might be caused. I presume that this has not been found 
SO, or some means would have been taken to overcome it. 

Mr. CHARLES Н. DARBISHIRE said—It is with considerable 
diffidence that I respond to the President's invitation. Оп a former 
occasion, when there was an opportunity of saying a few words with 
regard to permanent way, two friends of mine criticised me to such an 
extent that I had not recovered until I heard this paper to-night. 

On a former occasion a gentleman from the L. & N. W. Railway 
Company's Drawing Offices at Crewe gave us a most interesting paper 
on the Development of the Locomotive. Не said that almost every 
SIX Or seven years, a new engine of an improved type was designed to 
meet the ever increasing demand for increased tractive power. As I 
happened to know that the L. & N. W. Railway Company was 
adopting, very generally, broken stone ballast in place of gravel or 
cinders, I ventured to ask for his views, as a designer of locomotives, 
on the best road for them to travel easiest on. For some reason or 
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other, this very natural question seemed to tickle the fancy of my two 
friends to such an extent that, as I have said, I have only just 
recovered. | 

The answer was, that the designer preferred cinder ballast. But 
the author, I notice, supports the idea that the strength, which good 
broken stone ballast gives to the permanent way, is desirable in view 
of the heavier rolling stock, and higher speed the trains now 
travel at. 

Those who have had charge of cinder roads will recognise that not 
only at the ends of the rail, but in the middle, the cinders soon churn 
up into a black mud under the sleepers, and render it difficult to keep 
the road in the state it ought to be in. 

Broken granite ballast gets over this difficulty ; and, apart from 
allowing the trains to run more smoothly, gives less trouble to the 
platelayer in maintaining a good top on his road. 

Mr. Cottrell says the platelayers object to this ballast. I think 
that is only in those places where it is newly tried. Very soon they 
get accustomed to it, and find there is less labour in maintaining the 
roads than there was previously. 

The specified size for this ballast on the L. & М. W. Railway 15 that 
the whole of the stone shall pass through a 14-inch ring, 10 per cent. 
of it may pass through a $-inch ring, and 1 per cent. of that 10 per 
cent. may pass through a l-inch ring. It means a very small stone, 
and one that there is no difficulty in moving with a good shovel. 

The author also alludes to the fact that steel sleepers have been 
abandoned in this country due to the climate. I should like to ask 
whether this is not due to the fact that, having got a solid ballast, 
the elasticity of the wooden sleeper helps the train to run with greater 
ease than a rigid steel sleeper would do. | 

Мг. W. M. Law said-—I notice in some permanent ways the 
sleepers are laid in the ordinary manner, but the keys are on the out- 
side and inside of the rails respectively. I shall be glad to know why 
this deviation occurs. 

Mr. ERNEST S. WiLcox said—May I ask one more question. I 
want to know if the author has ever been troubled with the creeping 
of rails, and if so what measures.he has adopted for preventing it. I 
am exceedingly troubled with it on one branch I have charge of ; 
it goes on continually, and I do not know what means to adopt to 
prevent it. My present idea is that if I key one rail on the inside, and 
one on the outside, it might counteract it. 
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Mr. JOHN А. BRODIE said—I came across a case of that sort in some 
reading the other day. On a bridge in America they actually found 
it necessary to provide special arrangements at each end, so that the 
rails are fed in at one end of the bridge and taken out at the other 
end, and passed back again. Тһе drawings of the arrangement were 
shewn in a recent scientific journal. 

I also find in tramway work, where the rails are not absolutely 
fastened down with bolts, when there is a very considerable change in 
temperature the rails are very anxious to move a little, so to speak, 
down hill, and when we come to a curve at the bottom of a hill we 
almost invariably have some trouble with it at the time when we 
change from frost to warmer weather, and vice versa. We have not 
found it very serious in tramway work, because the setts keep the 
rails to guage, but in some streets I have found the difference in 
one day amount to about #-inch on a curve. 

Mr. WILLIAM BRODIE said—With regard to the 23s. a yard for the 
cost of relaying, I should be glad if the author could let us know the 
corresponding price for laying the same class of materials on a new 
road. 

Мг. Е. Е. С. BADGER said—In reply to Mr. Wilcox, the weight 
of rails now being used on the larger railways is 90 pounds per yard, 30 
feet long, but no doubt this weight will be increased to 100 pounds per 
yard before very long. 60-foot rails are now used with advantage on 
the L. & N.W. Railway, and of course an extra allowance at the ends 
is made for the increased length, the space being $£-inch with the 
temperature normal. 

Respecting Mr. Wilcox's method of putting 4 or 5 feet of pitching 
at the top of the embankment, I have no doubt it is a very good idea 
when you have it. I have known a case of a slip in a cutting to come 
very considerably below the side drain, and it has been thought more 
desirable to put in a special drain below the existing one. His method 
is a very good one of laying these drains, but where there is a change 
of gradient in less than the 4 or 5 chains we put ina catchpit at that 
change for inspection purposes. 


With regard to the life of sleepers, if they are treated as explained - 


in the paper they will undoubtedly last 15 years on stone ballast. 
The oil pressure of from 100 to 200 pounds per square inch is used 
every day. I have not heard of the Haskin process to increase the life 
of sleepers, but I shall make enquiry about it. 

With regard to the creeping of rails, I should like to know what 
expansion is allowed for. Тһе only thing we experience is that оп а 
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hot day or a very cold day you hear the rails give a sort of click. We 
have no difficulty in the matter, because when relaying is done, we 
take the temperature and allow expansion accordingly. (See Ex- 
pansion Table, Plate VI.) 

For instance, supposing the rail to be 40 degrees temperature, 
the space for a 30-foot rail should be 42,-inch, and for a 60-foot rail 
2-inch. 

With regard to Mr. Cottrell’s remarks, the versines are always taken 
from the office. We have a man doing nothing else. Не starts at 
one end, and by the time he gets through the whole district it is time to 
start again. Where we have any relaying to be done, he goes over the 
curves а second time and takes the versines, and then we calculate 
the curves from the versines and compare them with the line plans in 
the office, and if there is а great difference between the two, it is 
necessary to make a proper survey. Тһе object of taking the versines 
is to arrange for the speed of trains over that particular curve, to 
decide upon the correct radius, and also the superelevation of the 
rails. 

Sometimes, if the line plan gives a radius of 40 chains, and the 
versines give 46 chains, the difference is split in practice. 

I have not had any experience with big slips in course of con- 
struction, but I know the method adopted by Mr. Cottrell is a good 
one. When I spoke of sleepers 10 inches by 5 inches, I meant 
10 inches wide and 5 inches thick. Тһе 8 feet 11 inches is almost 
universal, although called 9 feet long. 

With regard to Mr. Priest's query, we find that the hard Dallast has 
no ill effects on the underside of the sleepers. 

Referring to Mr. Darbishire’s remarks respecting platelayers objecting 
to stone ballast when first introduced, that was so, but now they prefer 
it. With respect to maintaining the ends of rails at the joints, there 
is always a considerable knock on the running off end of the rail, and 
instead of putting in an ordinary sleeper on the L. & N. W. Railway, 
we put in one 12 inches by 6 inches on each side of the joints, which 
has a very good effect. Тһе joint sleepers require more attention and 
more packing. 

The elasticity of wooden sleepers I have no doubt is one of the 
reasons for keeping to this class of work. With regard to Mr. Law's 
question of putting keys, some outside and some inside, it is a matter 
of opinion. I have known a train to run safely over two lengths of 
rails when the joints have not been fished nor the keys put in, on a 
road where the keys are placed outside, but I question whether the 
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train would travel safely, under similar conditions, where the keys are 
placed inside. І think the rail would turn over in the latter case, 
and bring the vehicles off the road. 

In reply to Mr. W. Brodie, the cost of material and labour in 
laying permanent way, at the present time, is £1 14s. Od. per lineal 
yard of single line. This includes 9 inches of rock pitching as bottom 
ballast, good hard stone or granite top ballast, 60-foot rails, sleepers, 
&c., and labour in laying same. 


Mr. Badger. 
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ON THE EQUIPMENT OF ELECTRIC TRAM CARS. 


By W. H. COLLIS, Assoc. M. Inst. C.E., M. Inst. E.E., A.K.C. 


THE subject of the Equipment of Electric Tram Cars is somewhat 
too intricate to attempt to do justice to within the limited scope of a 
short paper. Тһе writer has therefore thought it best to limit his 
remarks to a general description of the Electrical devices which are 
in use on the Liverpool Cars. 

Generally the main electric circuit is as follows, viz. :— 

The current is gathered off the line by the small wheel at the end 
of the trolley pole, and passes along an insulated cable through the 
standard and via a choke coil, main fuse, two main switches (in series) 
to both controllers ; thence to the motors, and finally returns through 
the trucks and wheels to rails. 

To begin at the top— 

The Trolley Wheel runs on a steel spindle 4-inch in diameter, and is 
carried in a movable fork, making up what is known as a swivelling 
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head. Тһе shape of the wheel groove must provide a natural bed for 
the trolley wire, or chattering will occur. Тһе shrouding is to keep 
the head from catching in the overhead construction, if the pole leaves 
theline. Тһе wheels are fitted with removable self-lubricating bushes, 
which are rifled, the grooves being filled with graphite or other 
suitable material. Тһе wheel, fork, and socket are made of a mixture, 
which is practically a kind of gunmetal. 

The Trolley Pole is a taper steel tube— 

2 inches diameter overall at butt | by 15 feet 6 inches long, making 

l n " " " top J up to 16 feet centres. 

The pole is held up by outside springs, four on each side of the 
standard. ‘These are adjusted so that the trolley wheel exerts ап 
upward pressure of about 22 pounds on the line. 

The Trolley Standard consists of an upper movable sleeve, which 
runs on ball bearings and a base with central guide tube. The sleeve 
is fitted with a stop to prevent the trolley pole being turned through a 
complete circle. Such unlimited movement would eventually twist off 
the insulated cable which conveys the current from the trolley wheel 
through pole and standard to car. The trolley head is insulated from 
the pole, and the pole from the standard. The pole is also thickly 
taped over, so there is no bare live metal on the top of car. Further, 
the trolley standard is connected through two electric lamps in series 
(опе at each end of the car) to earth. If the standard should get alive, 
these lamps light up, and their brightness or dullness affords an 
indication and a rough measure of the leak. 

The Choke Cotl is composed of a few turns of the main cable, and 
operates in connection with the lightning arrester, which is practically 
a spark gap. When an electric current varying in intensity or direction 
has to pass through a coiled cable, it meets with a special difficulty by 
reason of the increased resistance of that coil, owing to the reaction 
of the current on itself, an effect which is called *Self-Induction? А 
steady electric current passes through without the same difficulty, since 
no self-induction is set up. А lightning flash is really made up of a 
very large number of separate discharges. Such electricity finds an 
easier path to earth across the air gap provided in the lightning 
arrester, than by circulating through the choke coil. 
` This coil and arrester are fixed either under seats ог on a bearer 
under the car body. Тһе arrester is fitted with a blow-out or other 
means of destroying an arc. 

The Two Main Switches in series are fixed one in each canopy. 
The supply of electricity can therefore be at any time cut off at either 
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end of the car. These switches are either both plain, or one plain 
and one automatic, by which is meant a switch constructed to auto- 
matically cut off the current if it exceeds a certain amount. Various 
types of switches аге in use :— 

Plain. 

Fitted with blowouts. 

Automatic. 

The Main Cut-out is the next point in circuit, and is placed either in 
a cupboard on platform or on an under bearer. 

The cut-out contains a piece of metal (called “а fuse") clamped in 
terminals. Тһе current passes through this fuse, and, if the current 
becomes too great, the fuse is melted thereby. 

Three types of cut-outs are in use :— 

Removable fuse carrier, without magnetic blow-out. 
Plain without magnetic blow-out coil. 
Fitted with magnetic blow-out coil. 

Magnetic Blow-outs have been mentioned above. 

In breaking an electric circuit a spark is produced. Тһе length of 
this spark is increased with the working pressure employed and may 
actually become a serious arc. To prevent such an arc forming, we 
may increase the length of the break or arrange a blast of cold air to 
blow out same. 

In many cases neither of these two expedients would be practicable. 

An electric spark isan electric current circulating through heated 
air and metallic vapours which constitute an electric conductor devoid 
of mechanical strength. Ifa conductor carrying an electric current is 
placed in a magnetic field, there will be a tendency for the conductor 
to be dragged one way or the other. By arranging that the electric 
spark is formed in a magnetic field it is possible to make the latter act 
on the current passing over the gap so as to force the spark sideways, 
and break same up. This device is called а Blow-out. Solenoids 
or electro-magnets are employed. By this means fuses and switches 
can be employed at a pressure of 500 volts with smaller break 
than would otherwise be possible. The electric circuit next passes to 
the two controllers, one on each car platform. 

The Controller is a large multiple switch in a metal case, with a 
removable front door, and provides for the following operations :— 

(1) Starting of motors through variable resistances. 

(2) Working of motor in series, 

in parallel, 
or singly, one at a time. 
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(3) Driving forwards or backwards. 

(4) Applying electric brake. 

The controller consists of a driving cylinder, and a reversing 
cylinder with contact fingers for each. Тһе latter is never moved 
except on open circuit, and is therefore of much lighter construction 
than the driving cylinder. The two cylinders are interlocked with 
each other so that neither can be moved unless the other is in the 
proper position. Only one set of handles are provided per car, and 
only one controller is in use at a time. 

To start a car the current is turned on by revolving the handle 
of the driving cylinder clockwise on to the first point or ‘ notch.” 
The two motors are then connected in series with each other, through 
the regulating resistance on to the rails. Аз the driver continues to 
turn the handle, he should rest only a short time on the next 
“notches.” At each the driving cylinder cuts out by short circuiting 
so much resistance till at the last notch of the first set the motors are 
left coupled in plain series with all or most of resistance cut out. This 
15 “а driving point," that is to say, the driver may keep his handle 
here if his car is making sufficient speed. 

If not, he must turn further and in same direction, passing quickly 
to the next notch. This puts the motors into parallel with resistance 
in circuit. When working in series, one terminal of one motor is 
coupled to rails, and one terminal of the other motor to line, the 
other two terminals being coupled together. In turning to parallel 
these two latter terminals are instantaneously disconnected from each 
other and coupled one to earth and other to line. Тһе resistance 
is then short circuited out by sections as before, till all is removed 
on the last “notch.” This is the other “ driving point," and the 
motors are then exerting their maximum power. 

Тһе third set of notches control the electric brake, and are reached 
by turning the handle counter-clockwise. The resistance is short 
circuited notch to notch as before till all is out. 

It is important not to rest with the handle between the notches, as 
current may then pass between a finger and segment, which are only 
in partial contact, and burn both. 

The reversing cylinder acts by interchanging the connections 
between the armature and field coils. 

The spark due to breaking of circuits 15 dealt by the use of a blow- 
out and distributed breaks. 

When only one motor is in use only one set of driving notches is 
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employed, and the supply of current to the other motor is interrupted 
by fastening back its supply contact finger in the controller. 

The Electric Brake mentioned above works thus:—The line con- 
nection is first cut off, and the motors are next short circuited through 
more or less resistance. 

The residual magnetism of the motor fields ren takes effect and 
the motors excite themselves, becoming dynamos driven by the 
momentum of the car. 

The current produced passes through the local or short circuit 

mentioned above, gradually falling in strength as the speed of the car 
is reduced. 

The electric brake will not hold a car at rest, though it will prevent 
the attainment of more than a certain speed. A car left to run down 
a grade with the electric brake on, will gradually slow and almost stop. 
It will then gather a little speed and almost stop again, and so on. 

The Two Motors are four-pole, series wound, and entirely enclosed. 
They are each of 25 H.P., nominal. Carbon brushes are used. The 
current used by a car varies from 15 and 20 amperes on the level to 
50 and 60 amperes on steep grades. The three curves (Fig. 1, 
Plate VIA,) show the relations existing between 

Current and efficiency. 
Current and drawbar-pull. 
Current and speed. 

The Lighting is provided by 16 electric lamps (105 volts; 16 
Candle power; Bayonet Cap) which are coupled 5 in series in 3 
circuits, and distributed thus :— 


Two illuminated destination indicators ... 4 
Outside on top - 2 
Dash-board head lamps ... 2 
Canopies ... | 2 
Inside 6 

16 


Only one dash-board lamp is lighted at a time, the two being con- 
trolled by a change-over switch. 

The writer concluded by explaining the various controllers and 
other fittings exhibited. 


DISCUSSION. 


Mr. STANLEY ВЕЕТОМ said— I think it is an extremely difficult paper Мг. Beeton. 
to discuss, as its chief interest lies in the clear and incisive description 
which the author has given us of the operations of the car, and the 
excellent display of apparatus. І do not suppose there аге any electric 
tramways anywhere that could exhibit so many different types of good 
apparatus. There are, however, опе or two points that might possibly 
be made much more of. 

Towards the commencement of the paper I do not altogether like 
the author's description of a lightning flash. If you described it as an 
oscillatory discharge, instead of *a very large number of separate 
discharges," I think it would be more accurate. 

A. considerable section of the paper is devoted to the description 
of magnetic blow-out controllers and switches, and I think it might 
perhaps have been of interest to members of this Society to have ex- 
plained why all these precautions have to be taken in the operation of 
an electric car. It is owing to the fact that one has to break a circuit 
transmitting some 50 H.P. at 500 volts, and that there is a large 
amount of iron in the circuit, which causes a great deal of self in- 
duction. When you have iron in an electro-magnetic circuit, it 
means that the spark caused by opening that circuit will tend to main- 
tain itself unless it is extinguished by some special means. If it were 
possible to imagine a circuit with no self induction, one could imagine 
there would be no sparking at all. 

The conditions of operation of an electric car necessitate the con- 
tinual making and breaking of the circuit and, were it not for the 
special spark-destroying devices shown in the apparatus before you, 
the working contacts would be rapidly destroyed. 

The author goes on to state that the current produced gradually 
falls in strength as the *speed of the car is reduced" whereas as a 
matter of fact the current remains fairly constant on whichever notch 
you run. 

In the description of the electric brake, it reads: “Тһе line 
* connection is first cut off and the motors are short circuited.” That 
is not quite correct. "Тһе motors are first reversed, before being short 
circuited. If that did not take place, there would be no braking effect 
at all. Аза matter of fact the current on whichever notch you аге 
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remains fairly constant. For instance, if you were to run down the 
Dingle Hill, about 1 in 22, you would probably get about 40 amperes 
on any one of your brake notches. Тһе interesting part of it is that 
the current is practically constant whatever speed you run down the 
hill, z.e., if you run down on the first brake notch, the speed would be 
about six miles an hour, on the second, four miles an hour, and on 
the third, three miles an hour, the current which the motors would be 
generating in braking the car would remain about the same, about 
40 amperes. 

Mr. PRIEST said —With regard to the trolley head, I think with the 
form of wheel shown “chattering” still occurs. I have often thought 
that an additional appliance might take the form of a pair of guides 
placed in advance of this wheel in a position perhaps not quite vertical, 
so that the wheel could always be kept in a position to take the wire 
quickly, and I should like to know whether anything of that sort has 
been used. 

Mr. R. J. URQUHART said—I should like to ask the author if a 
trolley head has ever been made with the axis of the wheel arranged 
in the same way as a castor. I think that would do away with the 
“chattering " which takes place. 

Mr. JOHN A. BRoDiE— In the first place I should like to ask the 
author why he describes one particular form of trolley head. Are 
there any others in use, and has he had any experience of other forms 
which are suitable? Is this particular trolley head suitable for a line 
which goes right over the centre of the track, or is it specially suitable 
for such lines as we see in Aigburth Road and in other places where 
they are on one side of the track ? 

With regard to fuses, I suppose, the author's experience in dealing 
with all the best types of controller and other arrangements will enable 
him to form an opinion on the best form of fuse. It would be very 
interesting to know whether the whole of the fuses are of approximate 
equal merit. The same question might be asked with regard to 
controllers. 

I also think it would have been very interesting if the author had 
shown a diagram of a motor to explain the outline of the current and 
motor, and also whether the latter works direct on to the axle or is 
geared. 

Mr. A. Н. ROBINSON said—I should like to ask what is the depre- 
ciation cost of the controllers. 

Mr. J. А. PALETHORPE said—I should like to ask whether the 
difficulty of swinging the motor so as to do away with vibration has 
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been overcome, also, whether direct driving motors have been tried in 
England, recently, for cars, or whether they still use the single reduc- 
tion motor. 

Mr. ARCHIE KELLY said—I should like to ask the author as to 
whether there is any particular winding in respect to the armatures, 
and also what brushes are used. 

Respecting the gearing of these motors I should like to ask whether 
raw hide pinions have been used, and also what 15 their life. 

With regard to the magnetic blow-out in the controllers it would 
be interesting to know whether this blow-out is connected across the 
trolley-wires to the rails, or whether it is worked in series with the 
motors. 

The President, Мг. А. BROMLEY HOLMES, said— Before asking the 
author to reply to the practical points that have been raised, I 
should like to point out why you have before you this variety of 
apparatus for a comparatively small number of cars. The fact is that 
the Liverpool Corporation came to the conclusion that the only way 
really to educate themselves on electric traction was to have a sample 
of the manufactures of the best known makers, and I must compliment 
the author on the way he has put his facts and his samples before the 
meeting, carefully abstaining from even mentioning rival manufacturers 
or the comparative merits of the articles they supply. 

Мг. W. Н. CorLis, in reply, said— With regard to Mr. Beeton’s 
question, I may say that I had the word “oscillatory” in my draft 
notes, but thought that it was too pedantic. Іп condensing my 
remarks, I am afraid that my paper is somewhat cut down. I ought 
to have mentioned the reversing of the motor connections for the 
electric brake. | 

As to the amount of current generated by the electric brake, it is 
not constant; І have actually measured a very considerable variation 
in the quantity. 

With respect to Mr. Priest's remarks as to the trolley heads, I wish 
` to point out that the first wheels used in Liverpool had a groove almost 
semicircular, and were not satisfactory, a pointed groove is required. 
As to putting an extra wheel to guide the trolley head, this has not 
been tried in Liverpool; I am afraid it would weigh too much. It 
would be necessary to increase the strength of the holding up springs 
of the trolley standard. Ап aluminium trolley head is working at 
present satisfactorily. 

Mr. Urquhart asked whether a trolley head had been tried here 
on the principle of a castor. Such a trolley head has not been used 
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in Liverpool, though I have seen somewhat similar heads in use and 
working well. 

Mr. Brodie asked why only one form of trolley head was exhibited. 
I thought it best only to show the form now used in Liverpool. This 
form is specially adapted for working on a side wire. "With a straight 
trolley head the wheel has no play, it cannot turn round as it can in this 
form, and so it is impossible for such a head to run on a side wire. 
Also the swivelling trolley head reduces the wear of the trolley wire on 
curves. А device has been tried for pulling the trolley head straight, 
by putting an additional guide wire up the trolley rope. 

As to controllers, I can only say that all are working very well, 
and I should like to ask the meeting which of the controllers 
exhibited have been in use and which not. They have not all been 
in service. The motors are single reduction ; a pinion on the arma- 
ture shaft engages with a large split gear wheel keyed to the car axle. 

Leather pinions were used in the old double-reduction motors, and 
found to work very well so long as they were kept dry and free from 
oil. Carbon brushes are used. 

The motors are not suspended from the car body except in the case 
of a special snow sweeper, which is now at the Corporation Carriage 
Works. They are suspended in the truck on springs. We have no 
direct driving motors on the tramcars. 

Mr. Kelly asked about the armature windings; excepting a few, 
all the armatures are wound with removable coils, which are made 
up separately on formers. 

As to the blow-out coil, it 15 actually worked by the current which 
drives the car. 
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FURTHER PROGRESS IN SPACE TELEGRAPHY. 


By Prof. О. J. LODGE, D. Sc., F.R.S. 


Тне general principles of space telegraphy I have already described 
at a former meeting. I now propose to deal chiefly with the details, 
and I shall speak of two methods. Опе that is best known to the 
newspapers, the method of electrical waves across space, in many 
respects the most interesting method, the method applied on a large 
scale by Mr. Marconi and the Wireless Telegraph Company with 
considerable success. That method I have been working at, but 
chiefly in the early stages, before it had been applied to actual 
telegraphy. In the early stages dealing with the electric waves 
scientifically considered I was working at it for a long time in 
conjunction with my assistant, Mr. Robinson, and what I have to say 
on this subject will be brief, and is largely a joint communication from 
Mr. Robinson and myself. 

The other method, in which I have been specially interested of late, 
that of signalling through the earth, I have been working at in con- 
junction with my assistant, Mr. Davies, who has designed several of the 
instruments, and without whose help I should have been unable to 
bring it as far as we have at present. That will be a joint com- 
munication from myself and Mr. Davies. 
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I will begin with the first system, which consists of making a splash 
in the ether at one place and detecting it at another. 

These waves are much absorbed by the conductivity of the earth. 
If they come across a telegraph wire, they simply set up a current and 
the waves cease to be. If the electrical oscillations are vertical, then 
the only thing that would absorb them would be vertical wires, 
` lightning conductors and such like things, and the conductivity of the 
earth would have very little effect. Still more markedly would that be 
the case if you dispensed with half the oscillator, and used the earth 
for the other half. 

The waves are transmitted by the surface of a conductor further 
than they would be if that conductor were omitted. Іп experiments 
on lightning in 1889, and so on, we were often making splashes of this 
sort in the earth, discharging to the gas or water pipes, sometimes to 
both. An improvement was to use a lead roofas one of the terminals, 
the earth as the other, and then connect the coil and thus get sparks 
from an elevated conductor. Тһе plan employed by the Wireless 
Telegraph Company is just that system, but instead of a roof they use 
a very long wire. 

That is the whole of the transmitter for long distance signalling at 
the present time. 

Now for the receiver. If two pieces of metal are brought into light 
contact, they do not cohere and do not make a particularly good 
contact, unless there is something to remove the air that separates them. 
A perfectly infinitesimal electrical spark effects that purpose. Two 
pieces of iron subjected to a slight electric spark are found afterwards 
to cohere, to stick together, feebly of course, but a definite sticking 
together. Тһеу can be broken asunder again by a very slight tap. 
The current very easily passes in such a contact. Instead of using a 
single contact it is more convenient to use a number of contacts, and 
hence a tube of filings is used, as discovered by Branly. ‘The resistance 
of a tube of filings changes enormously in the neighbourhood of a 
electric spark. The filings are all matted together after the sparks 
have passed. 

Now that little tube which may be quite small constitutes the 
receiver. The form used by Marconi is a horizontal tube about the 
size of a quill pen, very close together with two plugs at each end. 

I may here mention a very curious difference between metals ; 
brass and brass cohere, so does iron and iron; silver and silver, 
however, do not, and potassium is said to behave in the same way. 
Usually the resistance falls, but sometimes it rises. 
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The whole phenomenon is under investigation by Professor Bose, 
the Professor of Physics at the University of Calcutta. "The active ex- 
planation of the effect 15 not yet agreed upon. Тһе way I look upon 
the opposite effect —the breaking of the contact —is like the burning 
of a fuse, the occurrence of a spark disunites them in the same way. 
This tube of filings has one end connected to the earth, and the other 
end connected to the elevated wire on the pole, and that is the - 
receiver. It only remains now to put this in circuit with a battery, 
or a telegraph instrument, or а relay, so that whenever the disturbance 
comes along, the relay shall switch the local battery into action and 
shall operate the instrument, and also the “tapper” or hammer, so 
that every time the relay works, the instrument responds and the 
automatic hammer hits on the tube, and is ready for a fresh signal. 
There is just this to be said. You have a very rapid rattle of sparks, 
and the hammer responds in accordance, a single spark and you 
get a dot, and a number of dots caused by a number of sparks can 
represent a dash. Тһе Wireless Telegraph Company have arranged 
to make that series of dots into а real dash by simply having an 
unnecessarily strong battery, and screwing up the Morse so that it 1s 
very bard to work. "There is a disadvantage in that, as it makes the 
signalling slow, but it gives real dots and dashes. 

Why do I call it “making a splash"? Because there are no oscilla- 
tions in this case. The disturbance rushes both ways as soon as the 
sparks occurs. This same effect very often takes place when buildings 
are struck by lightning. These splashes are what are being made use 
of by wireless telegraphy. You have something like a feeble flash of 
lightning coming down, and you have an instrument picking it up, 
partly from the earth, and sending it tothe coherer. If the two masts 
are separated by many miles, a very small fraction would be collected. 
You have a considerable amount of energy at one side, and at the 
other you detect a very small fraction of it. 

I pass now to the other method, which is on totally different 
principles and which does not involve anything recently discovered. 
The chief invention connected with it is the telephone. I have 
devised what might be called a magnifying telephone, and that is, I 
think, quite the most sensitive receiving instrument known. It can 
respond with a minute amount of power ; you don’t want a jerk, you 
want a continuous ‘note, and on this method tuning is eminently 
possible, so that it may be possible to signal one note to one station 
and another note to another station. 

When I first began this, I used the method of transmission which 
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was first employed for the purpose by Sir W. H. Preece, viz., the 
induction method, which I think has certain advantages in some cases. 
There are certain cases such as lighthouses where the method previously 
described is most convenient. There are other places where I think 
this method is most convenient. 

It is actually in use in South Wales, near Cardiff, at Flat Holme. 
There is a line of telegraph poles along the cliffs and on the Island, 
and you have what is equivalent to an alternator, a little revolving 
commutator. You have a telephone at the other end, by which you 
hear the signals. With a magnifying telephone the same current that 
does the signalling will also ring the bell. I have more faith myself 
in the earth part of this arrangement than in the induction part. 

For signalling great distances, I believe in utilising the conductivity 
of the earth. If you take a current to the earth at two points any- 
where within a certain reach you can pick it up or tap a fraction of 
that current with great ease. 

The essential idea in the magnifier is the use of а microphone. 
You have first а vibrating coil in the magnetic field of great intensity. 
The current taken up from the earth or through an induction coil is 
forced round that coil. Опе way to get a sound out of it is by 
attaching it to a deal board, which will cause the board to vibrate and 
give a sound. 

It is known how sensitive a microphone can be; a quite imper- 
ceptible tremor makes a perceptible one when magnified. 


DISCUSSION. 


Mr. J. LLOYD BARNES said :—The uppermost question in my mind 
is how to put this into practice in the simplest way to avoid telephone 
royalties. I think the Society is particularly fortunate, and especially 
those members of it who are electrically inclined, in having such an 
excellent address from such an able man. 

Mr. W. Н. Coris said:—We have heard of the wireless telegraphy 
not having been used until quite recently in South Africa. First there 
were difficulties in erecting the masts, and then when the instruments 
were got into use, the magnetic matter in the hills prevented the 
efficient use of the signals. I should like to ask Dr. Lodge how that 
matter really stands. 

Then as to the height of the masts, what relation does this height 
bear to the distance? For instance, how far would it be possible to 
signal from New Brighton Tower? Is there the remotest chance of 
the Wembley Tower when complete being able to signal to New 
Brighton? I presume it would be possible to accidentally get a tele- 
phone connected on a potential curve, in which case no effect, I 
anticipate, would take place ? 

Mr. A. J. MAGINNIS asked :—Would it be possible, in case of naval 
warfare, for this wireless telegraphy-to be used to upset the compasses 
of an opponent's vessel ? 

Dr. OLIVER J. LODGE, in reply, said:—About damaging an enemy's 
ships, it could be easily done, no doubt, if the hostile vessel would 
consent to put a coherer near the explosive material or compasses, 
otherwise I do not see how it could be done, 

With regard to equi-potential surfaces, they must be avoided in 
tapping. "There is always a zero position. 

With regard to the question of height and distance, Marconi has 
published something about that. Тһе distance is said to be 
proportional to the product of the heights. 


150 feet signalling to 150 feet has given 40 miles and more at ѕеа. . 


As to signalling from Wembley to New Brighton, that is all over land, 
and over land hitherto it has not been so easy. 

With regard to the South African trouble, the magnetic hills were 
an invention. Ithink dry soil may have something to do with it. Тһе 
method of earth tapping would in some respects be easier. By talking 
loud enough to an earthed microphone at one place, and listening to 
a tapping telephone at another, you can get speech transmitted without 
wires. 
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SEA AND RIVER WALLS. 


By G. WELSBY DEAKIN, Stud. Inst. C.E. 


THE various conditions which defences against the sea have to contend 
with in the long and trying life which they may have to live, must of 
necessity evolve many varied types, and in a brief paper it would be 
impossible to touch upon more than the most general uses to which 
they may be put. But upon broad lines one may say that there are 
three :— 

(1) The Wharf Wall. 

(2) Defence against erosion of the sea coast. 

(3) The confining of rivers to their actual beds. 

All these types must in themselves necessarily vary very considerably 
in design to meet the particular requirements of individual cases, but 
when we consider the general outlines of any particular one, we may 
classify it under one of these headings. In the first case, z.e., wharf 
walls, we are limited in a certain extent in the design of the profile, 
as it is always essential that the face should be comparatively perpen- 
dicular to allow of easy access by vessels Іп these cases the face is 
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commonly given a batter of about 1 in 12, and as the wharf wall 
naturally has to act as a retaining wall, often of considerable height, 
during the period of low tide, it is necessary to design it accordingly— 
stepping the backing in the usual manner, when in concrete, to facilitate 
construction. In cases where sheds are intended to be placed on the 
wharf for the reception of heavy merchandise, extra precaution will 
have to be taken to strengthen the wall by means of counterforts. 

Of course, a counterfort is simply a hanging-on weight, increasing 
thereby the stability of the wall, but to ensure its efficiency, it will be 
necessary that a very perfect bond be kept at its junction with the main 
wall at the top, and hoop irons should be laid in the beds. 

The example given as Fig. 1, Plate VIL, shows a wall of this 
class. Тһе facing, as іп Fig. 2, must be of sufficient strength and 
durability to meet the impact of the largest wave which it may have 
to stand ; the stones, whether of coursed ashlar, random, or any other 
class of masonry, must be large, heavy, and close fitting, well bedded 
in cement. Ordinary pointing is of no avail, as it would soon perish, 
allowing the water to fill the interstices, and the impact of the next 
wave coming upon this, would force more water behind the stone, 
gradually dislodging it by the repeated blows. 

In order to afford protection to the wall and the sides of vessels, and 
to facilitate mooring, corbels are provided carrying timber rubbers 
which can easily be renewed when necessary. 

It has been observed that the largest waves are to be expected at 
half-tide, through the greatest shoreward current occurring at that time, 
and therefore, if the thickness of facing is to be varied at all, it would 
be well to place the biggest stones at the level of half way between high 
and low water. 

Here we may mention a point to be carefully watched in laying facing 
stone of an unequal size—if a stone of large size be placed above a 
smaller one, and there is a possibility of any tendency to over-balance 
backwards, the concrete bed must be set before the stone is placed in 
position, otherwise the concrete will yield to the weight, and cause a 
gaping joint in the face, but it is more desirable that the thickness of 
the facing be not suddenly varied, and thus avoid the possibility of any 
such bad feature. 

The coping should be of large heavy stones, dowelled at each joint, 
and finished flush with the face of the wall, so as not to leave any pro- 
jection to receive the upward wash of the rebounding wave. 

А solid masonry wall, although the most perfect, is for economical 
reasons not to be used generally, and it has been found that a wall 
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with about 6 to 1 concrete backing makes an excellent piece of work 
at about one-half the cost. 

A very important item to be observed in walls constructed of 
composite materials such as is shown in Fig. 1, is that they 
should be so designed that no settlement of the backing will destroy 
the monolithic character which gives the greatest strength to the wall, 
and the necessary guard against disintegration. 

One point of difference between the two first types is that in the 
former no drain pipes or weepers can be allowed to carry away the 
water behind, as wharf or dock walls having generally to bear the whole 
head of a spring tide, any holes placed in the wall for draining, would 
at high tide let in the tidal water, at times under a head of perhaps 
25 feet. This would force a passage into the material behind, and at 
low water would run out with great velocity, carrying with it a certain 
amount of that material, and this action repeated would cause a 
sinking behind the wall at the surface. 

Fig. 1 well illustrates the various points mentioned. It is a wall 
erected on the Mersey at Widnes having a straight face battered at 
lin 12. The face stones are of Runcorn red sandstone, of ап 
average thickness of 2 feet 6 inches, and are coursed to beds of about 
16 inches. 

The coping stone is 4 feet 6 inches by 3 feet by 2 feet thick. 

The wall is shown as originally designed, with pitch pine fenders 15 
inches by 12 inches, carried by corbels projecting 9 inches from the 
face, and fastened by anchor bolts running through the facing and 
bedded in concrete. | 

The concrete backing is stepped 134 inches every 4 feet down, starting 
at a thickness of 5 feet 10 inches from face of wall to back of top step. 

The foundations were formed in the rock as shewn, a pocket 12 
inches deep being worked in the bed stone, to receive any forward 
thrust. 

In this case you will notice the backing of puddle—a somewhat 
unusual feature, which had to be provided to deal with the exceptional 
nature of the material behind the wall. 

This was chemical waste which had, during many years, been tipped 
on the site ; and although having lain there for some time had not 
altogether lost its “life.” Тһе consequence was that the concrete 
had to be shielded completely from the percolation of water, which 
would have drained from this unsolidified matter and eventually killed 
the cement in the concrete. 

In dealing with the foundations, the engineer’s own judgment is 
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the only formula. ‘Trial holes must be sunk before any attempt is 
made to design the wall if any doubt whatever exists as to the nature 
or depth at which a firm foundation may be found. 

In this particular case very hard rock was found under an average 
depth of about 9 feet of mud of a peculiarly greasy nature. 

A good deal might be said about the cofferdam for this wall, which 
caused trouble through the piles failing to sufficiently enter into 
the hard rock, and the nine feet of mud offering no resistance to the 
head of water at high tide, the footings several times were burst open, 
till at last a grip in the rock had to be worked for the king piles. 

This is somewhat beside the subject, but goes to show the de- 
sirability of having something of the nature of rock in which pockets 
may be worked to place the toe stone and thus relieve oneself from any 
obligation to material of a dubious nature for preventing the bodily 
forward movement of the whole wall. 

We now come to the defence against erosion of the sea coast. 

In the foregoing case the engineer is bound down to a great extent 
in the design of his profile, and as such a wall would be intended for 
shipment purposes, it would be improbable that waves of great 
magnitude would have to be dealt with. 

In the case of an exposed sea wall, if we can satisfy ourselves that 
the force of the waves has been amply provided for in the design, there 
is little else to provide for, as of necessity the wall must be of greater 
weight and strength than is sufficient merely to resist the forces of 
gravity. | 

Мапу апа varied аге the different forms of profiles evolved by 
different engineers, and many are the failures. 

If the wall is to stand alone without any support from behind, it 
must assume somewhat of the form of a dam with the extra strength 
necessary for wave resistance over still water. 

It is impossible to keep to any absolute rule, but with a simple slope 
for profile a formula often used is :— 

й = distance between highest spring tides and foot of wall. 


#1 =1'5 A 
Thickness at base of wall = A 
" " $ ді = 75 й 
" n A = 45A (See Fig. 1.) 


Thus for wave resistance we have an augmented thickness over the 
still water formula of reservoir walls which is :— 
A = head of water 


Thickness at base of wall = °7 A 
5A 
3A 


~ 
ІІІ 


(See Fig. 1.) 
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There is no necessity in walls of this class to form the face in one 
plane; in fact it is preferable to form the face in a curve, which will 
receive the wave at a more obtuse angle, thus considerably lessening 
the force of impact. 

Nearly all our old examples of sea walls have their profile in 
one plane, and the introduction of a curved face is to be seen only in 
the more recent ones. "Therefore it would be unfair, and in fact 
impossible, to compare adversely that which has served its purpose 
with that which has only started in life; but we do know that the more 
nearly parallel we design our curve to the line of curve of the break- 
ing wave the less will be the impact. We should not, however, 
forget that a wave thus lead upwards, mounts the wall to a greater 
height, and if the wall be not high enough will wash right over the 
cope, and prove a great danger to the back of the wall. Whereas if 
the impact be violent the crest of the wave will be broken up into 
fine spray. 

Groins are often placed in some form at the foot of the wall to 
break the waves and so shield the foot, and although in the event of a 
heavy sea, when the wall is most sorely tried, they are of little or no 
use, still, inasmuch as they do to a large extent shield the toe from 
constant wear, they are not to be despised. 

On the west coast of Ireland, where the full force of the Atlantic is 
felt, one noteworthy design to be met with is a curved face, starting 
at the foot from a horizontal tangent and carried to an actual over- 
hanging point at the cope. Тһе effect of this is that the wave on 
breaking on the wall is trained upwards by the curved face, and falls 
backwards on to the head of the next oncoming wave, which thus 
becomes partially broken before contact with the wall Three 
previous walls with straight faces were swept away where this wall 
now stands. | 

The results arrived at by the individual judgments of different 
engineers, are strikingly shown in the varying construction of several 
walls on the Cheshire side of the Dee estuary, at and about Heswall, 
where practically they were to serve the same purpose. 

One is simply a curved face to one radius—the facing stones being 
ofsizes varying from 6 inches to 24 inches rubble, in cement mortar. 
It is only a shallow wall of about 7 feet in height, and the design 
would not be very desirable when any great variation in height 
might be required, as the curve would run into a too vertical angle 
for the thrust. 
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Another wall is composed entirely of concrete having no facing 
stones. (See Fig. 2, Plate VIL) Тһе profile is a simple slope of 
l in 4, and is round at the top at a radius of 15 inches. 

A platform or toe projects 2 feet 9 inches, and is 2 feet thick. 
This is supported by 11-inch by 3-inch piles driven into the ground 
4 feet, and bound by a timber waling 7 inches by 5 inches. 2-inch 
tile drains 10 feet apart, run through the wall and have broken stone 
placed behind them to prevent the earth working into the pipe 
so preventing the flow. Тһе height of tides did not demand taking the 
wall up to the entire level of the ground behind, which was simply 
sloped backwards and pitched. 

Whilst passing, it might be well to mention here that although good 
concrete of say 1 of Portland cement to 6 of hard broken stone, and 1 
of clean sharp sand makes an excellent ingredient for a wall, it is most 
desirable where possible to have a stone facing, as concrete rendered in 
cement and exposed as it is in a sea wall to great variation of temperature 
will crack. The purer the cement the more it will crack, and if it be so 
toned down with sand as to avoid this, then the facing becomes too soft. 
These fissures may be plugged up and coaxed to the best possible 
extent, but the wall once cleft into sectiens will contract and expand 
with the temperature in each independent section, and cannot be 
brought to again thoroughly congeal. 

Another wall, Fig. 5, at present under construction, has an inter- 
mediate slope of 80°, and at top and foot a curve of 5 feet radius. 

The facing stone has an average thickness of 15 inches, backed 
with 1 foot 6 inches concrete. 

It has a coping of 2 feet by 1 foot 4 inches, and a toe stone 2 feet 
6 inches by 12 inches. 

There is a drain composed of broken stone behind it from which 
are 6-inch drain pipes projecting through the wall These are all 
placed at one level, and the stone drain collects from above it. 
This was considered necessary because of the large amount of water 
which percolates through the clay cliff from the sloping ground 
above. 

Where it is likely that the spray from waves will wash over the wall 
it is most desirable that some provision be made to drain this away, 
and thus prevent the water working itself in behind the wall. Of 
course it is very desirable that the wall should be high enough to 
avoid this, but in heavy seas there is often a fine spray which will 
blow in considerable volume over the wall. This may be dealt with 
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by carrying the stone drain up to the ground level behind the wall, 
allowing immediate passage back through the wall. The comparatively 
shallow depth of concrete in this wall is due to the fact that the angle 
of the wall being practically the angle of repose of the soil, it has to 
resist no outward thrust, and is merely to resist the impact of such 
waves as are to be met with in the river estuary. 

A point to be thought of in the design of all curved profiles is the 
way in which any increase of or diminution in height may be met 
with, as no sudden change of curve is at all desirable, for we must not 
forget the fact that there are such things as channel and side washes. 
Also, the contractor, for constructional reasons, may not like many 
changes in profile, and he is certainly an item. If we have an inter- 
mediate slope there will be no difficuty, as in this length the deviation 
should take place, but in a curved profile the radius must be increased 
or lessened as the case may be. 

Their adaptability for the introduction of slips or steps is also to be 
thought of. 

The old Leasowe embankment built by the Embankment Com- 
missioners, is a mere slope of gigantic proportions and abuts on the 
new Dutch wall to the south, and a short wall to the north, both of 
which are slopes with projecting platforms, with small studs or teeth. 
These studs are spaced at distances equal to their diameters. А 
wave having broken, will be partially withheld by these teeth and so 
form a water cushion to partially soften the impact of the next wave. 
There are numerous other examples to.be met with round the two 
river estuaries of the Mersey and Dee, but having dwelt on a few of 
these we pass on to our third type of design, “Zhe confining of rivers 
ѓо their actual beds.” 

The scouring action of the flow of rivers when quite straight, is 
greatest at the bottom or bed of the river, but at each bend of its 
sinuous course, the scour becomes altered according to its peculiar 
curve, and at each bend an unequal scour is set up on its two banks. 

Thus a river tends to exaggerate its course, until checked in so 
doing by some immovable barrier. 

It will thus be seen that in the descent of a river from one point to 
another, the least possible friction to retard its flow lies in а straight 
line between these two points. It therefore becomes necessary for 
navigation purposes to somewhat straighten the course by means of 
training walls, which, setting up a better scour, save a continual 
expenditure in dredging. But it is sometimes advisable that a channel 
having been dredged, the banks should be so consolidated, that a 
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greater deviation in the river's course through an uneven scour on its 
two banks may be arrested. 

It is this case which will now be dealt with. 

As far as an actual protection to the bank goes, the most efficient 
shield is a thick growth of aquatic plants, but this causes much friction 
to the flow, and the decomposition is a serious item in the silting up ; 
so that some artificial means must generally be used. 

The difficulty of working under water is here met with, and where 
any care must be taken with the laying of the method adopted, it will 
greatly increase the cost. When we consider that we have generally 
a great length to deal with, we must be guided chiefly by the material 
most readily at hand. 

Timber sheeting is often used, which may be simply of sheet piling, 
or longitudinal planks and guide piles. 

The wales of the piles, or the guide piles must be held back in 
position by anchor plates, firmly bedded some distance behind, in 
suitable positions. 

Where stone in abundance is to be had, a very effective protection 
is to form a slope of about 14 to 1 of dry stone pitching; but some 
provision must be made at the foot to prevent slipping. 

On the Loire this method has been very efficiently used, and the 
thickness of pitching is gradually increased from the top to the bottom 
of the slope. It starts from about 9 inches thick and increases at the 
rate of 1 in 12. It 1s carefully bedded in gravel, and the necessary pre- 
vention from slip is a grip worked at about the level of summer water, 
and filled in with rough rubble masonry. This is sometimes aug- 
mented by a row of piles with a longitudinal waling. The maximum 
pressure this waling has to resist is W x 5 

{ 
И’ = Weight of pitching. 
S = Rise of slope. 
/ = Length of slope. 


We disregard friction and allow it as a margin of safety. 

In Holland a very common method is to employ fascines instead 
of stone. These are bundles of willow branches lashed together at 
from 9 to 12 inches in diameter, and of varying lengths of from 10 to 
15 feet. 'They are laid lengthways up and down the slope, and are 
fixed in position by stakes driven into the ground. 

These are not at all durable, however, and 10 years is about as 
long as can be expected of them under water. 

Wattling where hand labour is cheap, is often used in other 
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countries, and in sluggish rivers is a very good protection, but this 
method is seldom to be seen in this country. 

All these methods you will notice do not lend themselves very 
readily to submarine work, and in finishing this paper the author 
ventures to bring before you a somewhat unique example of river bank 
protection, with which he happens to have had personal experience. 

It is a mantle of brick or concrete tiles perforated, through which 
galvanised iron wires are threaded. This system was invented by 
Signor Villa, and has been used with success on the river Po in 
Italy. A slope of this type has been constructed at Heswall (see 
Fig. 6), where it has encountered three winters in a position exposed 
to the full force of northwesterly gales. Immediately after it was 
constructed it had to encounter a heavy gale, and on this occasion 
waves of about five feet in height were seen breaking upon it. It is 
merely backed with stone rubbish and is laid without cement; it is 
. now little the worse for wear. 

But it is more for sluggish rivers like the Po, than estuaries, that it 
is peculiarly adaptable, and (Fig. 3, Plate VII. ) shows the section of 
a river bank shielded by this mantle. 

It may be laid under water from the side of a barge. Тһе wires 
are spaced conveniently for threading along the barge's side, and a 
convenient number twisted together and wound round a heavy stone 
anchor, which is let drop from above the desired position. The: 
barge is kept vertically over this place until a sufficient number of 
tiles have been threaded to reach from the anchor to the barge. Тһе 
barge is then moved shorewards as the operation of threading 
proceeds, till at length the bank is reached. Тһе wires are then again 
twisted together and anchored in the most suitable situations. Thus 
a smooth surface of durable character may be effected at but little 
cost. 

In conclusion, it would be well to remember that in the construction 
of a sea or river wall, any fault in the design or defect in construction 
is likely in time to become painfully obvious not only to the engineer 
but to all the many observers which these structures have. 


Many details have been omitted, and the brevity of the paper must 
be the excuse. 
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Simpson’s Brake for Steamships, 
Description of . H. Simpson... ... | 1896 | 17 | 220 
Sinking of a Shaft in Flintshire under 
exceptional Difficulties, The ... | W. C. Pagan ... | 1880 | 1 | 236 
Sketch of Vyrnwy Works, A ; С. Е. Оеасоп ... | 1892 | 14| 49 
*Slag for Road-Making, Blast Furnace | John S. Brodie ... | 1877 т | 52 
Slate Quarrying Т С. Н. Darbishire .. | 1881 | 2 | 58 
Sludge Removal & Shipment, Sewage Joseph Corbett — ... | 1897 | 18 | 208 
*Smith's" Vacuum and Automatic 
Vacuum Brake, The ... . | J. А. Е. Aspinall .. | 1881 | 2 | 24 
*Some of the Advantages o of the 
Metric System ... - ..| E. D. Jones... ... | 1877 I| 49 
Some English Waterways ... J. A. Saner ... ... | 1893 | 15 I4 
Some Instruments used in Measuring | 
and Recording Electric Energy 
and Electricity .. W. С. P. Macmuldrow | 1896 | 17 | 113 
Some Methods of Regulating Pressure 
in Electric Light Circuits ... | W. S. Boult... ... | 1894 | 15 | 165 
Some Notes on Current Specifi- 
cations, and Tenders for Public 
Works ... James Glover, Junr. 189; | 18 | 66 
Some Observations on the Rating 
of Machinery .. Oswald W. Young ... | 1899 | 20 | тот 
Some Properties of F lexible Surfaces | 
and Flexible Solids .. ... | M. Treleaven Reade | 1899 | 20 | 189 
Discussion on above paper м: " " 1899 | 21 I4 
*Some Recent Developments of the 
Manufacture of Mild Steel and its 
Applications... J. G. Birch ... ... | 1879 | 1 | 168 
Some Recent Progress in Electrical 
Engineering... John S. Brodie ... | 1882 | 3] 73 
Some Recent Experiments « on Iron 
and Steel and Rivetted Joints... | A. W. Brightmore ... | 1888 | 9 I 
Sounding Apparatus * Ivan C. Barling ... | 1891 | 13 | 29 
Soundings in Bays and Estuaries, 
Practical Notes on oF E. S. Cornish ... | 1900 | 21 50 
South Africa, with reference to En- 
gineering Work, Past and Present, | 
A Tour in M ... | G. L. Burton . | 1893 | 15 66 
Southport Promenade Extension ... | William Kissack ... | 1881 | 2 74 
Space Telegraphy, Further Progress | 
in кз "T Тт ... | О. J. Lodge... ... | 1900 | 21 | 149 


Specifications and Tenders for Public 
Works, Some Notes on Current James Glover, Junr. 1897 | 18 | 66 


Subject of Paper 


Specifications, Civil Engineers’, The 
Difficulties that Manufacturing 
Engineers have to undergo in 
Estimating and ML. to 

Sprinklers, Automatic > 

Stability of Earthen and 
Masonry Dams .. 

Status and Prospect of Engineers .. 

Steam as a Medium of Heating, 
Notes on the use of 

Steam Boiler Explosions 

Steam Boilers, A Strange Failure of 

Steam Hydraulic Steering Gear 

*Steam Navigation, A Retrospect of 

*Steam Navvy, Earthworks and the 

Steam, Propulsion of Vessels by, 
direct from the Boilers .. 

*Steam Shipping during the lastquarter 
ofa century, Review of the Pro- 
gress of . 

Steamship Performance Diagram, 
Some remarks upon a ... 

Steamships, Transatlantic Lines, and 
Part I. ss T 
Part 1I. D 

*Steel and its Applications, Some 
Recent Developments of the 
Manufacture of Mild ... = 

Steel in the Hands of the Naval 
Architect ; 

Steering Gear, Steam Hydraulic 

*Stone in Engineering Work, The 
Value of.. 

*Stone Masonry 

Storing Water S 

Strange Failure of Steam Boilers, А 

Street Pavements 

Street Pavements, Construction of 
Impervious 

Streets and Buildings, Municipal | 
Control of : 

Stresses, Graphical Investigation of 

Structures, The Use of Cast Iron in 
Engineering 


INDEX. 


Author 


Malcolm Blair 
James H. Lynde 


G. Farren 
C. Graham Smith 


W. E. Mills... 
J. J. Webster 
A. J. Maginnis 
D. J. Howells 
A. J. Maginnis 
H. O. Baldry 


Capt. Griffiths 


Alfred Holt... 
Walter Sang... 
A. J. Maginnis 

. G. Birch ... 


J 
H. H. West 
D. J. Howells 


F. C. P. Jones 
W. W. Squire 

T. Duncanson 
A. J. Maginnis 
James Morgan 


W. Goldstraw 
J. H. T. Turner 


J. S. Brodie... 
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1889 
1877 


1884 
1888 
1886 
1896 
1880 
1880 


1881 


1878 
1889 


1878 
1892 


1879 


1889 
1896 


1877 
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1879 
1886 


1894 


1882 


1882 
1883 


1879 


Vol. 
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Subject of Paper 


*Subsoil Waters, and their Drainage 
Supplies, Notes on the Distribution 
of Water.. io 
Supply of Water from the River 
Thames to the Regent's Canal 
by Pumps and Pipe Line 4 
Supply, Methods of Collecting Water 
for s | 
*Supply, Water, of Large Towns 
Surveying Instruments The Adjust- 
ment of .. 
Surveying in Bays and Estuaries 
Practical Notes on | 
System of Sluices at the New North 
Works, Canada Basin, ысы 
Тһе т 


Telegraphy by Electric Waves across 
Space. 
Telegraphy, 
Space... 
Tests, Engineers’, for Iron considered 
and Suggestions for Standard 
Uniform Tests ... ; 2 
Testing of Materials for use in 
Engineering Structures.. 
Testing of Steam Engines ... 
The Basis of Propeller Design 
Theory and Action of some Auto- 
matically Balanced Machinery 
Thermodynamics, Second Law of 
Tidal Rivers, Notesonthe Phenomena 
of, illustrated chiefly from those 
of the Mersey . 
Tidal Works on the Seine and other 
Rivers... 
*Tide Work, The Management of . 
Tides and Tidal Scour Ж 
*Tides, The Utilization of the 
Tour in South Africa, with reference 
to Engineering Work past and 
present ... 
Town Sewage and Refuse. Disposal 
* Towns, ‘The Drainage of 


Further Progress іп 


INDEX. 


Author 


E. M. Touzeau 


T. Duncanson 


H. M. H. Collier 


A. W. Brightmore ... 


C. J. Tisdall 
Ivan C. Barling 


E. S. Cornish 


А. С. Lyster 


Oliver J. Lodge 


Thos. Morris 


C. E. Hannaford 
H. S. Hele-Shaw 


J. Denholm Young p 


W. W. Beaumont 
O. J. Lodge... 


Jos. Boult 


J. N. Shoolbred 
E. S. Cornish 
Joseph Boult 
Arthur Oates 


G. L. Burton 
John S. Brodie 
H. R. Blackburn 


Transactions 
Year | Vol.| Page 
e Т | 232 
T 15 | 187 

ME 
1900 | 21 | 78 
| 
1891 | I3 , 42 
1877 I | 51 
1893 | 15 | 35 
1000 | 21 50 
1877 I I3 
1898 | 19 | 141 
I900 | 21 | 149 
1892 | 13 70 
1882 3 91 
1887 8 42 
1898 | 20 25 
1895 | 16 | 146 
1894 | 16 | 97 
1891 | 12 43 
1886 1 83 
1879 т | 177 
1881 2 84 
1879 I | 214 
1893 | 15 66 
1879 т | 137 
1877 І. 22 


Subject of Paper 


Towns, А Scheme for thedistribution 
of Energy in 22 

Traction, Tramways and Tramway 

Tram Cars, On the о of 
Electric . | 

Tramway, Development of an 
Electric . ; 

Tramway Locomotive, A New je 

Т " А Worm Geared 

Tramways, Electric, to Connect 
Towns with neighbouring Districts 

Tramways, Electric, Notes on Track 
and Overhead Construction for 

Tramways and Tramway Traction ... 

Transatlantic Lines and Steamships 
Part I. jen - 
Part II. 

Transport of Petroleum in Bulk in 
Tropical Waters 

Tube Boilers, Water 

*Tunnelling ... 


Use of Cast Iron in карс 
Structures, The.. } 
*Utilization of the Tides, The 


Vacuum Brakes, “Smith” Vacuum 
and Automatic, The 
*Value of Stone in Engineering 
Work, The 
Ventilation of Dwelling Houses and 
Public Buildings 
Vibration of Shafts, On the Whirl- 
ing and . 
*Victoria Dock Extension, The 62 
Vyrnwy Works, А Sketch of the ... 


Walls in Portland Cement Concrete 
*Walls, Notes on Retaining... 
Walls, Sea and River 
Water, Artificial Filtration of sf 
Water for Supply, M Methods of Col- 
lecting ; 


INDEX. 


Author 


F. G. Baily and 
C. A. Kohn 
J. A. Brodie 


W. H. Collis 


M. H. Smith 
W. Wilkinson 


" " 


T. M. Bigley 


J. Reginald Taylor ... 


J. A. Brodie 
A. J. Maginnis 


" " 


С. Н. Little... 
С. L. Burton 
C. J. Tisdall 


J. S. Brodie... 
Arthur Oates 


J. A. F. Aspinall 
F. C. P. Jones 
W. E. Mills... 
S. Dunkerley 


E. H. Allies 
G. F. Deacon 


W. S. Boult... 
W. W. Squire 
G. W. Deakin 
J. H. T. Turner 
A. 


W. Brightmore ... 
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Transactions 
Year | Vol.| Page 
1895 | 16 | 233 
1895 | 16 | 118 
1900 | 2I | 140 
1884 | 5 | 93 
1883 | 4| 56 
1884 | 5 | 121 
1897 | 18 | 105 
1800 | 20 | 180 
1805 | 16 | 118 
1878 І 77 
1892 | 13| 56 
1892 | 13 | 102 
1896 | 18 | 37 
1877 I II 
1879 I | 180 
1879 I | 214 


1881 2 24 
1877 | |І! 54 


1882 3 33 


1894 | 16 | бі 
1880 I 


1892 | 14 49 


1877 I I 
1880 231 
1900 | 21 | 154 


1884 | 5| 45 


1891 | 13 42 
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Transactions 


Subject of Paper Author 
Year Vol. | Page 
Water Pressure Pumping Engine at 
Whitehaven Waterworks, On a John S. Brodie ... | 1890 | 12 | 13 
Water Tube Boilers ; С. L. Burton ... | 1896 | 18 | 37 
Water Supplies, Notes on the Dis- 
tribution of .. ... | T. Duncanson ... | 1894 | 15 | 187 
Water Saving Machinery, On ... | F. M. Evanson ... | 1893 | 15 | 53 
Water, Storing - T. Duncanson ... | 1879 | r | 151 
Water Supply, Hull Hydraulic Power | 
Company and High Pressure ... | E. B. Ellington ... | 1880 | 1 | 268 
*Water Supply of Large Towns... | C. J. Tisdall ... | 1877 I 51 
Waterways, Some English ... | J. А. Saner ... . | 1893 | 15 14 
*Waterworks, Plymouth Corporation | Н. Е. Bellamy ... | 1882 | 3 I 
*Waterworks, Pumping Engines for | E. C. V. Petherick... | 1878 | 1 | 100 
*Waters, Subsoil, and their Drainage, | E. M. Touzeau ... | 1880 | 1 | 232 
Welds in Iron, Lamination and 
Defective F. B. Salmon ... | 1881 | 2| 51 
Welds in Iron and Steel, Homo- T | | 
geneity 7. " " ... | 1879 т | 191 
Whirling and Vibration of Shafts, 
On the ... S. Dunkerley ... | 1894 | 16 | бі 
Whitehaven Waterworks, On a Water " 
Pressure Pumping Engine at ... | John S. Brodie ... | 1890 | 12 13 
Workmen, British апа Foreign, and 
Trade Depression Robinson Souttar ... | 1878 | I | 133 
Works, Sewerage, and their Ap- 
pliances - F. E. Cooper ... | 1896 | 17| 93 
Worm Geared Tramway Locomotive | W. Wilkinson ... | 1884 | 5 | 121 
Wrought Iron Girder Work ... | С. Graham Smith ... | 1877 I |. 32 
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PLATE І. illustrates **Practical Notes on Soundings in Bays and Estuaries.” 


By EDWIN SUTTON CORNISH. 


" II. " " " " 
" III. 1 T " " 
" IV. н T " T 
" V. " ** Electrical Distribution in Cities." 
By Tuos. L. MILLER, M. Inst. C.E., 
M.I. Mech. E., M.I.E.E. 
" VI. " * Railway Construction and Maintenance." 
Ву Е. E. G. BADCER. 
" УТА. ù» “Оп the Equipment of Electric Tram Cars." 
Ву W. Н. Сов, Assoc. M. Inst. C.E., 
M. Inst. E.E., A.K.C. 
„ УП. " “Sea and River Walls." 


Ву С. Wetssy Deakin, Stud. Inst. C. E. 
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